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HETEROTRIACIDS 


V.  HETEROTRIACIDS  OF  PHOSPHORUS  AND  SILICON  WITH  VARYING  COMPOSITION  OF  ADDENDS, 

CONTAINING  MOLYBDENUM  AND  TUNGSTEN 

A.  I.  Kokoiin  and  N.  A.  Polotebnova 


The  literature  does  not  contain  any  information  about  the  preparation  in  the  free  state  of  heterotriacids 
containing  molybdenum  and  tungsten  in  various  ratios.  There  are  some  data  [1]  to  the  effect  that  a  mixture 
of  derivatives  of  phosphomolybdic  acids  of  the  series:  3H20*  P205  •  18(W03  +  MoOs)  and  SHjO-  P20^  *  24(W08  + 

+  MoOs)  is  obtained.  It  is  suggested  that  at  high  temperature  members  of  the  18-series  change  in  the  24-series: 
their  stability  depends  on  the  M0O3  content  and  on  the  temperature.  The  soluble  ammonium  salt  of  the  18-series 
with  a  high  content  of  M0O3  easily  changes  into  the  insoluble  salt  of  the  24-series.  In  an  investigation  of  the 
reducing  power  of  these  derivatives,  Wu  [2]  arrived  at  the  conclusion  that  this  power  is  proportional  to  the 
molybdenum  content. 

In  1924  and  1927  the  I.  G.  Faibenindustrie  issued  patents  on  the  preparation  of  sodium  and  ammonium 
salts  of  phosphomolybdotungstic  acids  in  which  the  total  content  of  molybdenum  and  tungsten  was  18(W03  + 

+  M0O3)  and  24<W03  +  M0O3).  The  salts  were  prepared  according  to  the  following  recipe;  100  parts  sodium 
tungstate  and  25  parts  molybdate  were  dissolved  in  225  parts  water;  addition  was  made  of  85  parts  85%  phos¬ 
phoric  acid,  115  parts  hydrochloric  acid  (19*  Baume)  and  2  parts  nitric  acid.  The  mixture  was  slowly  boiled; 
after  cooling,  large  crystals  of  the  sodium  salt  of  the  24-acid  came  down.  The  ammonium  salt  of  the  18-acid 
was  obtained  from  the  filtrate  by  precipitation  [1]. 

In  1927  and  1928  patents  were  taken  out  for  the  preparation  of  products  of  reduction  of  these  salts  as 
intermediates  foi  lake  colors  [1]. 

A  solution  foi  colorimetric  determinations  of  thallium  and  antimony  is  prepared  by  boiling  phospho¬ 
molybdic  acid  with  phosphoric  acid  and  sodium  tungstate;  the  element  ratio  is  P:  Mo:  W  =  23.5: 1:  3  [3].  The 
reagent  undoubtedly  contains  an  excess  of  phosphoric  acid,  tungstate,  and  various  reaction  products  including 
a  certain  amount  of  phosphomolybdotungstic  acid.  Use  is  also  made  for  penicillin  analysis  of  a  reagent  con¬ 
taining  phosphomolybdotungstic  acid  in  solution  [4]. 

We  proposed  to  synthesize,  by  the  etherate  method,  heterotriacids  with  phosphorus  and  silicon  as  central 
atoms  and  molybdenum  and  tungsten  as  addends  in  a  complex  anion  in  various  ratios.  Another  objective  was 
to  separate  these  acids  in  the  crystalline  state. 

EX  PERIMENTAL 

Synthesis.  In  the  initial  stage  of  the  investigation  we  tried  to  apply  the  etherate  method  to  the  separ¬ 
ation  in  the  free  state  of  phosphomolybdotungstic  acid  from  the  solution  used  for  determination  of  thallium 
and  antimony  [3].  Optimum  conditions  were  established  for  the  isolation  in  the  free  state  from  the  solution 
mentioned  of  crystalline  phosphomolybdotungstic  acid  whose  analysis  revealed  a  ratio  of  P:  Mo:  W  =  1:8:4.* 

On  the  basis  of  the  Miolati- Rosenheim  theory  this  product  should  be  assigned  the  formula  H7(P(M0207)4(W2O7)2]. 


•  In  this  stage  much  assistance  was  rendered  by  A.  A.  Pareli. 


For  the  purpose  of  preparation  of  heterotriacids  with  a  given,  variable  content  of  molybdenum  and  tung¬ 
sten,  wliich  should  contain  a  strictly  specified  amount  of  molybdenum  and  tungsten,  we  aimed  above  all 
at  syntheses  from  stoichionmetric  ratios  of  components.  Asecond  very  important  factor,  as  revealed  in  our 
preceding  investigations  on  synthesis  of  heterotriacids,  in  particular  the  synthesis  of  silicotungstovanadic 
acid  [5],  is.the  .character  of  the  tungstate  anions. , .  In  a  series -of  cases  i the  tungstate  ion  is 
most  easily  inserted  into  complexes  of  heterotriacids  when  it  is  in  the  torm  of  metatungstate.  Since  gieat 

preparative  difficulties  attend  the  isolation  of  meta tungstate  in  the  free  state,  while  its  preparation  in  solution 
by  boiling  tungstate  with  tungstic  acid  gives  products  of  reaction  of  variable  composition,  in  the  closing  stage 
of  the  investigation  we  staited  from  a  solution  of  sodium  metatungstate  obtained  from  normal  tungstate  ac¬ 
cording  to  the  reaction: 

a)  9Na2W04+  18HC1  =  i9W03+  ISNaCl  +  9H2a, 

b)  3NajW04+  9WOj+  SHjO  =  NagH4i:H2(W207),] 

12Na2W04+  18HC1=  NaeH4[H2(W207),]  +  l8NaCl  +  6H2O. 

This  process  proceeds  the  most  elegantly  if  a  weighed  amount  of  Na2W04' 2H2O  (chem.  pure)  is  dis¬ 
solved  in  approximately  the  fivefold  amount  of  distilled  water  with  heating.  Then  to  the  boiling  solution  is 
slowly  added,  dropwise  with  vigorous  stirring,  from  a  buret  6  N  hydrochloric  acid  in  amount  equivalent  to 
1.5  moles  HCl  per  mole  tungstate.  The  WO3  precipitate  formed  during  the  titration  dissolves  on  shaking.  On 
addition  of  the  whole  of  the  specified  amount  of  hydrochloric  acid,  formation  of  precipitate  ceases.  It  is  not 
uninteresting  to  mention  in  passing  that  this  corresponds  so  closely  to  the  calculated  amount  that  it  served  as 
a  check  on  the  purity  of  the  tungstate  used. 

Sodium  molybdate  Na2Mo04'  2H2O  (chem.  pure),  dissolved  in  3  times  the  amount  of  water,  was  con¬ 
verted  into  metamolybdate  by  the  same  method.  It  should  be  mentioned  that  the  solution  acquires  a  yellowish 
color  after  all  the  hydrochloric  acid  has  been  run  in. 

In  the  synthesis  of  heterotriacids  containing  phosphorus,  we  used  Na2HP04*  I2H2O,  and  for  acids  contain¬ 
ing  silicon  we  used  Na2Si03  •  9H2O,  dissolved  in  small  quantities  of  water.  In  separate  experiments  we  took  3  g 
phosphate  and  4.26  g  silicate. 

Amounts  of  starting  substances  were  calculated  on  the  basis  of  the  Mo:  W  ratios  (pet  part  by  weight  of 
central  atom)  of  10 :  2,  8:4,  6:6,  4:8  and  2 :  10. 

To  a  mixture  of  hot  solutions  of  metatungstate  and  metamolybdate  was  added  a  solution  of  phosphate  or 
silicate.  Introduction  of  the  solution  of  silicate  (approximately  50  ml)  must  be  effected  slowly  (dropwise)  in 
order  to  avoid  formation  of  a  precipitate  of  silicic  acid.  After  introduction  of  small  amounts  of  H2SO4  (1 : 1) 
until  the  color  of  the  solution  is  definitely  yellow,  the  mixture  of  starting  substances  is  boiled.  In  the  synthesis 
of  heterotriacids  of  phosphorus,  boiling  is  carried  out  for  2  hours  in  a  flask  under  a  refulx  condenser  (glass 
fitting):  in  the  synthesis  of  silicic  triacids  the  boiling  is  for  1  hour  in  an  open  flask.  In  the  latter  case  the 
volume  of  liquid  at  the  end  of  boiling  is  150  ml. 

Etherate  was  prepared  by  adding  ether  and  sulfuric  acid  (1:  1)  dropwise  with  stirring  to  the  cold  solution 
in  a  separating  funnel.  Formation  of  etherate  is  an  exothermic  reaction  and  the  success  of  the  preparation 
depends  upon  periodic  cooling  under  the  tap  with  slight  shaking.  If  turbidity  develops  during  addition  of  the 
sulfuric  acid,  its  further  addition  must  be  stopped  until  the  solution  has  cleared.  The  etherate  of  phosphomoly- 
bdotungstic  acids  begins  to  form  at  an  acidity  up  to  1  N  concentration  of  the  introduced  H2SO4,  and  the  ether¬ 
ate  of  the  silicic  acids  at  up  to  1.8  N.  Further  addition  of  acid  increases  the  amount  of  etherate.  The  acid 
was  added  in  small  portions  until  etherate  ceased  to  be  formed.  Sometimes  the  aqueous  layer  above  the  ether¬ 
ate  was  cloudy.  On  standing  for  12  hours,  the  liquid  above  the  etherate  became  clear.  We  propose  to  take 
the  absence  of  precipitate  in  the  aqueous  phase  as  the  criterion  of  formation  of  heterotriacid  with  the  calculated 
composition. 

The  settled  etherate  was  run  off  into  a  small  crystallizer  (a  wide  dish)  and  a  little  water  was  added. 
Crystallization  was  effected  isothermally  on  standing.  If  at  any  stage  of  the  synthesis  the  solutions  acquired 
a  green  or  blue  color  (due  to  partial  reduction  of  the  heterotriacids),  the  obtained  products  were  at  the  end  dis¬ 
solved  in  water,  a  little  (few  drops)  cone.  HNO3  was  added,  and  a  second  crystallization  was  carried  out.  In 
this  connection,  it  should  be  noted  that  nitric  acid  must  only  be  added  after  complete  removal  of  ether. 


The  yield  of  crystalline  products  in  our  experiments  was  10-15%  of  the  theoretical. 

Analysis.  All  the  prepared  phosphomolybdotungstic  and  silicomolybdotungstic  acids  were  analyzed  for 
their  content  of  water  of  crystallization,  phosphorus,  silicon,  molybdenum  and  tungsten.  Water  of  crystal¬ 
lization  was  determined  by  drying  in  a  drying  cupboard,  phosphorus  by  precipitation  as  rragnesium  ammonium 
phosphate,  silicon  by  precipitation  of  silicic  acid  from  alkaline  solution  with  the  help  of  NH4CI  in  presence  of 
potash  alum  [6].  Here  it  should  be  noted  that  determination  of  silicon  by  the  generally  accepted  method  — 
treatment  of  the  calcined  residue  (oxides)  at  400*  with  hydrofluoric  acid  in  presence  of  H2S04—  did  not  give 
good  results.  Under  these  conditions  (in  presence  of  large  amounts  of  WO5)  silicon  is  removed  too  slowly  and 
far  from  completely.  A  check  of  the  method  [6]  with  appropriate  quantitative  ratios  of  tungsten  and  silicon 
revealed  good  results.  Molybdenum  was  determined  by  a  volumetric  method  developed  by  us  specially  for  its 
determination  in  presence  of  large  amounts  of  tungsten  [7]  and  based  upon  titration  of  the  test  solution  with  a 
solution  of  trivalent  titanium  sulfate  in  4N  H2SO4  in  presence  of  monoindigo  sulfonate  as  indicator.  Tungsten 
was  determined  by  the  usual  gravimetric  method  in  the  form  of  WO5  (Table  1  and  2). 

TABLE  1 


Analytical  results  for  phosphomolybdotungstic  acids 


Acid 

Number 

Weight 
of  sample 
(in  mg) 

HvO 

P 

Mo 

1 _ w _ 

Ratio 

PtMorWrHjO 

(mg) 

■ 

(mg) 

(mg- 

mole) 

(mg) 

(mg- 

mole) 

(mg) 

(mg- 

mole) 

I 

845.6 

132.0 

7.30 

8.60 

0.280 

269.0 

2.86 

102.1 

0.55 

1:10.21:1.96:26.44 

II 

823.2 

132.3 

7.35 

8.30 

0.270 

211.2 

2.25 

200.6 

1.08 

1:  8.33:4.00:27.52 

III 

1025.3 

122.8 

6.80 

10.80 

0.350 

202.0 

2.20 

382.2 

2.07 

1:  6.28:5.91:19.48 

IV 

1135.3 

141.0 

7.80 

11.95 

0.385 

153.6 

1.59 

570.4 

3.10 

1:  4.12:8.04:20.25 

V 

990.1 

98.5 

5.50 

10.70 

0.345 

67.2 

0.70 

638.4 

3.47 

1:  2.02:1001:15.94 

TABLE  2 

Analyses  of  silicomolybdotungstic  acids 


Acids 

Weight 
of  sample 
(in  mg) 

_ H,p _ 

_ Si _ 

Mo 

W 

Ratio 

Si :  Mo :  W :  HjO 

(mg) 

B 

(mg) 

(mg- 

mole) 

(mg) 

(mg- 

mole) 

(mg) 

(mg- 

mole) 

I 

838.9 

149.2 

8.29 

9.55 

0.34 

324.5 

3.38 

127.5 

0.69 

1:9.9:  2.0:24 

II 

923.9 

170.1 

9.45 

9.72 

0.34 

271.6 

2.83 

233.0 

1.26 

1:8.2:  3.7:28 

III 

952.4 

145.6 

8.09 

9.85 

0.35 

213.3 

2.22 

377.4 

2.05 

1:6.3:  5.9:23 

IV 

870.0 

147.3 

8.18 

8.06 

0.2^ 

117.6 

1.22 

403.7 

2.19 

1:4.2:  7.5:28 

V 

990.2 

152.3 

8.46 

8.40 

0.36 

60.1 

0,62 

555.5 

3.01 

1:  2.0: 10.0:  28 

Potentiometric  titration.  The  prepared  phosphomolybdotungstic  acids  were  subjected  to  potentiometric 
titration,  for  which  purpose  20  ml  0.02  M  solution  of  each  acid  was  taken,  20  ml  distilled  water  was  added, 
and  titration  carried  out  with  0.233  N  KOH  solution.  Measurements  were  made  on  a  potentiometer  of  the 
PPTV-1  type  with  a  glass  electrode  and  a  tube  amplifier  of  the  LU-2  type.  A  calomel  electrode  was  used  for 
comparison.  We  rejected  the  use  of  the  quinhydrone,  hydrogen  and  hydroxyantimony  indicator  electrodes 
(for  reasons  given  later)  after  a  series  of  experiments.  The  temperature  during  the  titration  was  held  at  18*. 
For  comparison  we  also  titrated  a  mixture  of  phosphomolybdic  and  phosphotungstic  diacids  and  of  silico- 
molybdic  and  silicotungstic  diacids  in  the  ratio  of  3:3.  In  Tables  3  and  4  are  set  forth  the  data  obtained 
which  characterize  the  titration  jumps.  The  volumes  of  added  alkali  are  converted  in  the  tables  to  exactly 
0.2  N  concentration. 

Constant  potential  at  18*  was  quickly  established.  In  Fig.  1  the  titration  curves  of  acid  III  and  a 
mixture  of  phosphomolybdic  and  phosphotungstic  acids  in  equivalent  amounts  are  compared. 

Titration  of  acids  with  a  central  atom  of  silicon  was  at  first  undertaken  under  the  same  conditions  as 
for  acids  with  a  central  phosphorus  atom.  However,  the  addition  of  alkali  after  the  first  titration  jump  did 
not  give  good  results.  Constant  potential  at  a  pH  greater  than  4  was  only  established  under  the  following  con¬ 
ditions.  After  running  in  each  portion  of  alkali,  the  solution  was  heated  to  the  boil  and  then  quickly  cooled 
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under  the  tap.  The  potential  was  measured  at  18*.  Without  heating  the  reaction  does  not  go  to  the  end  and 
the  second  titration  jump  is  indefinite  ("diffuse*),  as  well  shown  in  Fig.  2,  a. 

TABLE  3 


Potentiomctric  titration  of  phosphomolybdotungstic  acids 


0.2  N  KOn  (ml) 

1 _ pH _ _ _ 

Mixture  of  diacids 

P“Mo  and  P— W 

I  1 

11 

III 

1  IV 

V 

0 

1.5 

1.6 

1.6 

1.6 

1.6  - 

1.8 

5.8 

1.9 

1.9 

2.0 

2.0 

2.0 

2.9 

8.2 

2.2 

2.2 

2.4 

2.3 

2.4 

4.3 

9.3 

2.6 

2.6 

2.8 

2,7 

2.6 

4.7 

10.5 

3.3 

3.4 

3.5 

3.4 

3.4 

5.15 

11.6 

3.9 

4.0 

4.1 

3.9 

3.9 

5.5 

48.9 

7.8 

8.1 

10.5 

8.0 

8.5 

12.1 

52.4 

11.6 

10.9 

11.7 

■  10,5 

9.8 

12.4 

53.6 

11.8 

'  11.4 

12.0 

11.5 

10.9 

12.4 

TABLE  4 


Potentiomctric  titration  of  silicomolybdotungstic  acids 


0.2  N  KOH  (mil 

1 _ = _ _ pH _ 1 

Mixture  of  diacids 
(Si— Mo  and  Si— W) 

I 

II 

m 

IV 

V 

0 

1.7 

1.7 

1.7 

1.7 

1.7 

1.6 

5.8 

2.3 

2.2 

2.4 

2.4 

2.2 

2.1 

8.2 

3.9 

4.1 

4.9 

4.6 

5.3 

3.9 

9.3 

4.8 

4.5 

5.0 

5.1 

5.5 

5.4 

46.6 

7.8 

8.9 

8.9 

8.2 

9.4 

7.7 

52.4 

11.9 

12.3 

12.3 

12.3 

11.6 

11.8 

58.2 

12.2 

12.4 

12.5 

12.6 

12.0 

12.5 

pH 


Fig.  1.  Titration  curves  of  phosphomolybdotungstic 
acid  111  (solid  curvejand  a  mixture  of  diacids  (broken 
curve). 


pH 


Fig.  2.  .  Titration  of  silicomolybdotungstic  acid 

in  without  heating  (a);  the  same  with  preliminary  heat¬ 
ing  (b):  mixture  of  silicomolybdic  and  silicotungstic 
acids  (c) 


In  Table  4  are  set  forth  the  results  of  measurements  obtained  with  preliminary  heating  of  the  solution  to 
the  boil  after  running  in  the  alkali  and  cooling. 

In  Fig.  2  are  plotted  the  titration  curves  of  acid  III  and  of  a  mixture  of  silicomolybdic  and  silicotungstic 
acids  in  equivalent  amounts. 
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Measurement  of  electrical  conductivity.  Measurements  were  made  of  the  electrical  conductivity  of 
solutions  of  the  synthesized  heterotriacids  and  of  their  potassium  salts.  The  starting  solutions  were  prepared 
from  the  heteroacids.  The  weight  of  the  sample  was  calculated  so  that  128  liters  solution  contained  1  g-mole. 
50  ml  of  solution  of  each  acid  was  prepared;  solutions  with  correspondingly  lower  concentrations  were  obtained 
by  successive  dilution.  Solutions  of  the  potassium  salts  of  the  phosphomolybdic  acids  were  obtained  by  adding 
to  25  ml  of  the  starting  acids  an  amount  of  KOH  corresponding  to  5  equivalents  per  mole  acid;  for  salts  of 
silicomolybdic  acids  the  amount  taken  was  4  equivalents  KOH  per  mole  acid.  The  resistances  of  the  solutions 
(R)  were  determined  with  the  help  of  a  special  apparatus  [8].  The  constant  of  the  apparatus  was  determined 
with  a  solution  of  chem.  pure  KCl.  The  temperature  of  the  solutions  was  held  at  25*+  0.05  with  the  help 
of  a  TS-15  thermostat.  The  constant  of  the  cell  for  measurement  of  the  electrical  conductivity  was  0.535. 


Electncal  conductivity  was  calculated  from  the  formula 


V  •  0.535 
R 


where  V  is  the  dilution  (number  of  liters 


of  solution  containing  1  g-mole  substance). 


In  Table  5  and  6  are  set  forth  the  mean  results  of  measurements  expressed  in  reciprocal  ohms. 


TABLE  5 


Electrical  conductivity  of  phosphomolybdotungstic  acids  and  their  potassium  salts 


Dilution 

Salts  and  acids 

Acids 

I 

Ill 

V 

I 

III 

V 

256 

551 

564 

594 

1459 

1582 

1699 

512 

584 

620 

656 

1559 

1650 

1808 

1024 

670 

679 

728 

1646 

1712 

1873 

8192 

- 

- 

- 

1697 

1901 

2026 

TABLE  6 

Electrical  conductivity  of  silicomolybdotungstic  acids  and  their  potassium  salts 


Dilution 

1  Salts  and  acids 

1  Acids 

I 

III 

V 

I 

III 

V 

256 

434 

475 

495 

1397 

1335 

1305 

512 

496 

513 

520 

1409 

1348 

1371 

1024 

528 

561 

553 

1457 

1420 

1405 

DISCUSSION  OF  RESULTS 

Heterotriacids  were  synthesized  with  a  central  atom  of  phosphorus  and  silicon,  with  a  varying  but  strict¬ 
ly  definite  composition  of  addends  containing  molybdenum  and  tungsten.  The  main  conditions  for  such  syn¬ 
theses  are:  1)  Stoichiometric  ratios  of  the  components;  2)  tungstate  and  molybdate  must  previously  be  con¬ 
verted  into  meta -compounds.  This  conversion  was  effected  by  gradual  addition  of  the  calculated  amounts  of 
HCl  to  the  hot  solution  of  the  normal  salts.  Under  these  conditions  tungstic  acid  is  not  precipitated,  and  the 
calculated  amounts  of  tungsten  and  molybdenum  enter  completely  into  reaction.  Our  qualitative  analyses 
of  the  aqueous  phases  (over  the  etherate)  showed  that  they  contain  only  insignificant  amounts  of  tungsten  and 
molybdenum. 

The  etherates  are  decomposed  by  addition  of  small  amounts  of  water  and  careful  removal  of  the  ether 
by  heating  at  45-50*  on  a  water  bath.  The  phospho-  and  silicomolybdotungstic  acids  then  crystallize  out 
nicely.  Determination  of  their  composition  (Tables  1  and  2)  shows  that  the  atomic  ratios  of  P(Si):  Mo:  W  in 
the  synthesized  compounds  are  close  to  the  theoretical,  namely:  in  acid  I  —  1 : 10 :  2;  in  acid  II  —  1 :  8 :  4; 
in  acid  III  —  1:6;  6;  in  acid  IV  —  1:4:8,  and  in  acid  V  —  1 :  2 :  10. 

The  slight  deviations  from  the  calculated  composition  observed  in  the  analytical  results  are  explained 
by  the  difficulty  of  exact  determination  of  tungsten  in  the  form  of  WOj  in  presence  of  large  amounts  of 
molybdenum. 

Potentiometric  titration  of  the  synthesized  heterotriacids  with  varying  content  of  molybdenum  and 
tungsten  with  the  aid  of  the  glass  electrode  enables  us  to  draw  some  important  conclusions.  Titration  of 
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phosphomolybdotungstic  acids  shovsrs  that  their  solutions  contain  not  less  than  5  salt-forming  hydrogens,  where¬ 
as  the  mixture  of  solutions  of  phosphomolybdic  and  phosphotungstic  acids  in  various  molar  amounts  contains 
4  salt-forming  hydrogens  (Table  3).  On  the  titration  curve  (Fig.  1)  this  corresponds  to  the  first  titration  jump. 

The  titration  jump  for  acids  with  a  central  phosphorus  atom  is  somewhat  "drawn  out"  and  does  not  give  the 
possibility  of  sharp  determination  of  the  equivalent  point.  The  first  titration  jump  for  silicomolybdotungstic 
acids  is  clearly  manifested  and  exactly  corresponds  to  4  equivalents  (Fig.  2).  The  second  titration  jump  for 
all  the  synthesized  acids  corresponds  to  24-25  equivalents.  The  reactions  taking  place  can  be  represented 
by  equations  similar  to  the  following  equation  for  one  of  the  acids: 

H7[P(M0iO7)3(WjO,)3]+  26KOH  =5^  K2HPO4  +  6K2M0O4  +  6K2WO4  +  ISHjO. 

The  second  titration  jump  corresponds  to  breakdown  of  the  heterotriacids  with  separation  of  simple  salts 
in  the  free  states.  On  titration  of  a  mixture  of  phosphomolybdic  and  phosphotungstic  acids  in  equivalent 
amounts,  this  stage  is  reached  at  22  equivalents  of  alkali,  and  for  triacids  at  24-25  equivalents,  i.e.  the  break¬ 
down  reaction  is  reversible  and  does  not  go  to  completion.  All  the  silicomolybdotungstic  acids  are  fairly 
stable  to  strong  caustic  alkalies,  and  their  decomposition  in  an  alkaline  medium  only  occurs  on  boiling. 

Employment  of  the  quinhydrone  electrode  did  not  give  satisfactory  results  for  detection  of  the  second 
titration  jump  for  all  the  synthesized  acids  since  the  second  jump  occurs  in  a  strongly  alkaline  medium.  The 
hydroxy  antimony  and  hydrogen  electrodes  reduce  all  the  phosphomolybdotungstic  acids  to  "blue"  immediately 
after  their  introduction.  It  is  not  without  interest  to  note  that  silicomolybdic  acid  and  its  mixtures  with 
silicotungstic  acid  are  similarly  reduced,  whereas  the  triacids  with  a  central  silicon  atom  are  not  reduced. 

The  pH  values  of  0.02  molar  solutions  of  phosphomolybdotungstic  acids  are  1. 5-1.6,  while  the  pH  of 
the  mixture  of  diacids  is  1.8  and  1.9.  Silicomolybdotungstic  acids  of  the  same  concentration  in  solution  have 
pH  1.7  and  a  mixture  of  the  diacids  of  silicon  1.6.  Measurements  of  the  electrical  conductivity  of  the  syn¬ 
thesized  heterotriacids  I,  III  and  V  and  of  their  potassium  salts  show  that  the  conductivity  of  compounds  with 
a  central  phosphorus  atom  is  considerably  higher  than  that  of  compounds  with  a  central  silicon  atom.  From  the 
electrical  conductivity  of  the  salts  we  can  infer  that  they  dissociate  to  give  approximately  6  and  5  ions.  It 
may  be  suggested  that  dissociation  of  all  the  salts  proceeds  somewhat  in  accordance  with  the  following  equations: 

K5H2[P(M0207)3(W207)3]  ^  5IC+  +  H2[P(M0207)3(  >^207)3]®-. 

K4H4[Si(M0207)3(W207)3]  4K+  +  H4[Si(M0207)3(W207)3]^'. 

SUMMARY 

1.  Using  as  starting  substances  metatungstate  or  metamolybdate  in  stoichiometric  amounts,  isolation  was 
effected  in  the  free  state  of  10  heterotriacids  with  central  phosphorus  and  silicon  atoms  and  containing  dif¬ 
ferent  ratios  of  molybdenum  and  tungsten. 

2.  On  the  basis  of  the  Miolati- Rosenheim  theory  the  analytical  data  enable  formulas  of  the  type  of 
H7(P(Mo207)n(W207)i77]  •  XH2O  to  be  assigned  to  the  compounds  with  a  central  phosphorus  atom  and  of  the  type 
of  Hg[Si(Mo207)n(W207)j^]'  XH2O  to  the  compounds  with  a  central  silicon  atom,  where  n  +  m  =  6,  x  =  16-28. 

By  means  of  potentiometric  titration  it  was  shown  that  salts  of  the  composition  K5H2[P(Mo207)j^  W207)^] 
and  K4H4[Si(Mo207)[j(W207)j^]  are  formed  in  solution;  this  was  also  confirmed  by  electrical  conductivity 
measurements. 
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PREPARATION  OF  SI  L I C  OT  U  N  G  ST  I C  ACID  WITHOUT  THE  USE  OF  ETHER 


E.  A.  Nikitina,  G.  N.  Pyatnitskaya  and  I.  I.  Angelov 


Silicotungstic  acid  is  usually  prepared  from  its  sodium  salt;  a  solution  of  the  latter  is  extracted  with  ether 
in  presence  of  inorganic  acid  for  separation  of  the  free  acid  [1].  Our  problem  was  the  development  of  a  method 
of  preparation  of  silicotungstic  acid  without  the  use  of  ether.  Two  methods  were  considered:  1)  Direct  synthesis 
of  silicotungstic  acid  from  silicic  and  tungstic  acids;  2)  synthesis  of  8-substituted  barium  tungstate  from  various 
alkali  salts  of  silicotungstic  acid  followed  by  decomposition  of  the  barium  silicotungstate  with  sulfuric  acid 
and  crystallization  of  the  silicotungstic  acids  obtained. 

Tungstic  and  silicic  acids  were  prepared  to  test  the  possibility  of  obtaining  heteropolyacids  by  reactions 
of  silicic  and  tungstic  acids  according  to  the  equation  I2H2WO4+  H2S1O3  +  xHjO  HjfSifWjOr]- xHjO  [2]. 

EX  PERIMENTAL 

In  the  experiments  on  direct  synthesis  we  started  from  a  weighed  amount  of  tungstic  acid  (100  g),  silicic 
acid  in  500  excess  of  the  amount  calculated  from  the  equation  (converted  to  SiOj),  and  3  liters  water. 

The  experiments  did  not  give  satisfactory  results  either  when  using  relatively  fresh  tungstic  acid  (prepared 
48  hours  before  synthesis)  or  aged  tungstic  acid  gels  (prepared  14  days  before  synthesis).  The  aged  gels  were 
even  less  satisfactory. 

Subsequently  we  ran  two  experiments  on  direct  synthesis  of  silicotungstic  acid  in  an  autoclave,  using  freshly 
precipitated  tungstic  acid. 

Synthesis  of  the  heteiopolyacid  was  performed  with  continuous  mechanical  stirring  under  a  pressure  of 
63.5  atm.  and  at  a  temperature  of  165-200*  in  the  autoclave  jacket;  each  experiment  lasted  6  hours;  after  dis¬ 
charging  the  autoclave,  the  solid  phase  was  separated  and  the  filtrate  evaporated  on  a  water  bath;  substantially 
no  crystalline  silicotungstic  acid  was  obtained  in  either  experiment. 

Concerning  9-substituted  barium  silicotungstate.  The  literature  data  on  barium  salts  of  silicotungstic  acid 
indicate  that  the  salt  least  soluble  in  water  is  the  8-substituted  Ba4[Si(W207)j]' xHjO.  From  the  standpoint  of  our 
concepts  on  the  basicity  of  heteropolyacids,  this  salt  should  exist  as  an  independent  chemical  compound;  the 
poor  solubility  in  water  would  be  expected  to  facilitate  its  removal  from  accompanying  ions  by  washing,  and  the 
susceptibility  to  decomposition  by  sulfuric  acid  ought  to  lead  to  preparation  of  puie  silicotungstic  acid. 

The  literature  on  8-substituted  barium  silicotungstate  is  scanty. 

Marignac  [3],  the  discoverer  of  the  •isomeric"  silicotungstic  acids,  was  the  first  to  describe  8-substituted 
barium  cis-silicotnngstate  (a  powder  nearly  insoluble  in  water).  Treatment  of  the  isomeric  "trans-alicotungstic 
acid"  with  baryta  water  gave  the  8-substituted  "trans-silicotungstate"  of  barium  in  the  form  of  a  liquid  which 
was  oleaginous  wiien  hot  and  sticky  and  hard  in  the  cold;  on  standing  in  the  air,  the  liquid  solidified  to  a  glassy, 
brittle  mass;  in  contact  with  water,  the  solid  salt  again  became  viscous.  When  the  liquid  barium  "trans- 
silicomolybdate"  is  brought  into  contact  with  water,  it  changes  into  a  white  powder  after  a  few  days  in  the  cold 
and  more  quickly  on  heating.  The  salt  is  almost  insoluble  in  cold  water  but  more  soluble  in  boiling  water. 

The  glassy  salt,  after  drying  in  the  air  at  100*,  corresponds  in  composition  to  the  nonahydrate;  the  powdery 
preparation  obtained  by  prolonged  contact  of  the  liquid  salt  with  hot  water,  contains  27  molecules  of  hydrate 
water. 

The  8-substituted  barium  "trans-silicotungstate",  first  described  by  Marignac,  was  also  obtained  by 
Rosenheim  and  Jaenicke  [4].  These  authors  started  from  the  ammonium  salt  of  the  "trans-silicotungstic"  acid 
which  they  treated  with  barium  chloride.  They  obtained  crystals  containing  27  molecules  of  water. 

Souchay  [5]  tried  to  disprove  the  high  basicity  of  heteropolyacids,  as  indicated  by  the  coordination  theory. 
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Without  any  experimental  data,  he  denied  the  existence  of  8-substituted  barium  silicotungstate  which  had 
twice  been  described  in  the  literature  and  carefully  analyzed  by  Marignac  and  by  Rosenheim  and  Jaenicke. 

Synthesis  of  potassium  silicotungstate,  preparation  from  it  of  the  8-substituted  barium  salt  and  the  free 
cis-silicotungstic  acid.  For  the  synthesis  of  barium  silicotungstate,  the  preparation  was  first  carried  out  of 
potassium  silicotungstate;  double  decomposition  of  the  latter  with  barium  chloride  gave  8-substituted  barium 
silicotungstate,  from  which  the  free  silicotungstic  acid  was  isolated  by  treatment  with  sulfuric  acid. 

Preparation  of  potassium  silicotungstate.  A  solution  of  ammonium  paratungstate  was  heated  with  KOH 
on  a  water  bath  until  NHj  had  been  completely  driven  off  (test  with  Nessler  reagent);  the  liquid  was  then 
evaporated  until  the  salt  crystallized: 

5{NH4)jO*  I2WO5  +  lOKOH  =  SKjO-  I2WO3  +  IONH4OH. 

The  yield  of  potassium  paratungstate  was  82fo.  Potassium  silicotungstate  was  obtained  from  potassium 
paratungstate,  potassium  silicate  and  hydrofluosilicic  acid  according  to  the  reaction:  SK^O*  12WO3  +  K2Si03  + 
+  4HjSiF5  =  K4H4[Si(W207)]6  +  4K2SiF6  +  2H2O. 

Hydrofluosilicic  acid  was  introduced  at  a  temperature  not  exceeding  35*  with  hand  stirring;  the  reaction 
mass  was  then  heated  to  the  boil  and  held  4  hours  on  the  boiling  water  bath.  Completion  of  the  complex - 
formation  reaction  was  checked  by  testing  for  WO4  with  hydrochloric  acid.  The  solution  of  potassium  silico¬ 
tungstate.  filtered  from  the  excess  of  silicic  acid  and  precipitated  potassium  fluosilicate,  was  evaporated 
until  the  liquid  phase  was  barely  present. 

In  experiments  4  and  5  (Table  1)  potassium  silicate  was  replaced  by  silicic  acid;  the  latter  proved  more 
convenient  since  the  potash  water  glass  which  was  used  in  the  investigation  contained  excess  of  free  alkali 
and  it  was  necessary  to  add  excess  of  hydrofluosilicic  acid  to  the  reaction  mixture. 

TABLE  1 


Results  of  experiments  on  the  synthesis  of  potassium  silicotungstate 


Experiment 

number 

1  Taken  into  reaction 

Yield  of  potassium 
silicotungstate  (hydrate) 
(in  %) 

potassium  para¬ 
tungstate  (con¬ 
taining  27  H2O) 
(in  g) 

K2Si03  (in  ml)  or 
H2Si03  (in  g)  con¬ 
verted  to  equiv¬ 
alent  SiOj 

H20(in  U 

20%  H2SiF6 
(in  g) 

K2Si03  (d  1.27) 

1 

75 

63 

1.75 

34 

75.0 

2 

150 

125 

2.5 

100 

69.0 

3 

170 

150 

2.8 

185 

75.5 

H2Si03 

4 

50 

5.6 

0.8 

50 

78.5 

5 

130 

16 

2.0 

65 

Crystalline  salt  not 

t 

separated 

As  the  investigation  showed,  the  synthesis  of  potassium  silicotungstate  from  silicate  and  paratungstate 
in  presence  of  excess  of  hydrofluosilicic  acid  (5-6  moles)  led  to  formation  of  salts  with  greater  acidity  than 
4-substituted  salts;  attempts  to  isolate  the  free  silicotungstic  acid  by  removal  with  hydrofluosilicic  acid  of 
the  potassium  ion  of  the  silicotungstate  led  only  to  formation  of  more  acidic  salts  (1-3-substituted)  and  to  a 
process  of  breakdown  of  the  heteropoly  anion  [Si(W2C)7)5]'^^^^  These  observations  are  fully  consistent  with 
the  results  of  earlier  studies  by  Marignac  [6],  Brandhotst  and  Kraut  [7],  A.  V.  Rakovsky  [8],  E.  A.  Nikitina  and 
A.  S.  Kokurina  [9]. 

The  optimum  concentration  of  hydrofluosilicic  acid  is  2-3  moles  per  mole  of  potassium  paratungstate 
at  a  concentration  of  the  latter  salt  of  40-60  g;  in  this  case  the  8-substituted  potassium  salt  of  silicotungstic 
acid  is  formed.  Actually,  judging  by  the  very  high  solubility  of  the  potassium  silicotungstate  obtained  in  the 
reaction,  we  were  dealing  with  highly  substituted  salts  of  silicotungstic  acid,  as  was  also  confirmed  by  the 
analyses  presented  in  Table  2. 
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TABLE  2 

Results  of  analysis  of  potassium  silicotungstate 
(Experiments  3  and  4,  Table  1) 


Substance 

Composition  of  potassium  silicotungstate  (in  %) 

experiment  3 

experiment  4 

H2O 

10.30 

10.00 

Si02  • 

2.00 

1.50 

K2O  • 

11.34 

14.00 

Calculated 

The  8-substituted  salt 

8- Substituted  salt 

contains  10.83%  K2O 

admixed  with  K2O 

SiOg  and  K20  recalculated  to  the  anhydrous  composition. 


The  solution  of  potassium  silicotung¬ 
state  obtained  in  experiment  5  (Table  1)  was 
filtered  from  excess  silicic  acid  and  treated 
with  25%  barium  chloride  solution  in  the 
amount  needed  for  formation  of  the  8- sub¬ 
stituted  salt  Ba4[Si(W2C)7)g]‘ XH2O;  as  soon  as 
the  first  portions  of  barium  chloride  solution 
had  been  added,  a  heavy,  yellowish  oil  was 
formed  which  changed  to  a  white  crystalline 
mass  after  1  V2-2  hours.  Addition  of  the  last 
portions  of  barium  chloride  solution  was  ac¬ 
companied  by  separation  of  a  finely  crystal¬ 
line,  white,  fairly  voluminous  precipitate 
which  was  separated  from  the  crystals  settling 
at  the  bottom  of  the  dish.  Each  fraction  of 
barium  salt  was  pressed  separately  and  then 


treated  with  sulfuric  acid  (1:  1);  after  separation  from  the  barium  sulfate,  the  solution  of  silicotungstic  acid 
was  evaporated  for  crystallization;  microscopic  examination  of  the  crystals  revealed  the  formation  of  silico- 
tungstic  acid  in  one  and  the  same  cis-form. 


Formation  of  oily  barium  salts  is  characteristic  of  "trans-silicotungstic"  acid;  evidently  in  the  process 
of  precipitation  with  barium  chloride  two  "isomeric"  barium  salts  are  formed;  on  further  standing  the  labile 
"trans-form"  of  the  salt  is  converted  into  the  more  stable  cis-form.  i.e.  the  cis- silicotungstic  acid  whose 
preparation  was  the  subject  of  our  investigation. 


In  some  experiments  barium  silicotungstate  was  obtained  by  the  action  of  barium  hydroxide  upon  a 
solution  of  potassium  silicotungstate;  the  precipitates  formed  by  the  action  of  barium  hydroxide  differed  in 
crystal  form  from  those  obtained  by  the  action  of  barium  chloride;  it  was  also  observed  that  not  every  addition 
of  barium  chloride  led  to  appearance  of  a  heavy  oil  of  the  8-substituted  banum  salt. 

In  order  to  elucidate  the  difference  between  the  barium  salts  formed,  analyses  were  performed  on  the 
barium  silicotungstates  obtained  by  the  two  methods  (Table  3). 


TABLE  3 


Results  of  analysis  of  barium  silicotungstates  obtained  by  the  action  of  different  precipitants 


Substance 

Precipitant 

Ba(OH),-8H,0 

Precipitant 

Bad?  •  2H5!0 

Calculated  for  the  an¬ 
hydrous  8-substituted 
salt 

salt  2 

salt  3 

salt  4 

salt  1 

1  content  (in  %)  | 

H2O 

5.0 

11.0 

11.00 

9.80 

- 

Si02 

0.7 

1.9 

1.84 

1.90 

1.73 

WOs 

70.3 

80.3 

82.36 

81.02 

80.57 

BaO 

29.0 

17.8 

15.80 

17.08 

17.70 

Note.  Content  of  components  of  salt  recalculated  for  anhydrous 
salt.  The  WOj  content  is  given  by  difference. 


The  results  of  the  analyses  show  that  barium  hydroxide  gave  a  salt  with  a  higher  content  of  barium  oxide; 
treatment  with  barium  chloride  gave  preparations  whose  compositions  were  close  to  that  of  the  8-substituted 
salt  of  silicotungstic  acid.  The  solubility  of  both  salts  was  identical  —  0.03  wt.-%  at  20*. 

Decomposition  of  both  salts  by  sulfuric  acid  invariably  leads  to  formation  of  cis-silicotungstic  acid;  its 
yield,  however,  is  higher  in  the  case  of  employment  of  barium  silicotungstate  free  from  excess  of  BaO. 

In  the  isolation  of  barium  silicotungstate  from  solutions  of  potassium  salts  (at  a  ratio  of  1;  1.5,  1:  2) 
with  barium  chloride,  the  yield  of  Ba4[Si(W207)j]  •  XH2O  is  69.5-79.3%.  The  well-washed,  not  thoroughly  dried, 
hydrated  form  of  the  salt  is  easily  decomposed  by  sulfuric  acid;  complete  elimination  of  the  barium  ion  neces¬ 
sitates  very  careful  addition  of  H2SO4,  since  excess  of  the  latter  at  the  stage  of  evaporation  of  the  solution  leads 
to  partial  decomposition  of  the  preparation. 
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Calculation  of  the  amount  of  sulfuric  acid  needed  for  decomposition  of  barium  tungstate  is  based  upon 
the  weight  of  barium  chloride  taken  for  precipitation  of  the  [8^1^207)5]^^^^  ion.  After  addition  of  abcut  4/5 
of  the  calculated  amount  of  sulfuric  acid,  it  is  necessary  to  make  check  tests  for  the  presence  of  SO4  (10% 
BaCl2)  and  for  the  presence  of  still  undecomposed  barium  salt  (10%  H2SO4).  Precipitation  is  effected  by  stir¬ 
ring  with  50%  sulfuric  acid,  after  which  the  solution  is  diluted  approximately  twofold,  stood  for  2  hours  and 
again  tested  for  content  of  Ba  and  SO4  ions. 

In  Table  4  are  set  forth  the  results  of  experiments  on  the  preparation  of  silicotungstic  acid  from  potas¬ 
sium  silicotungstate  with  conversion  of  the  latter  into  the  8-substituted  barium  salt. 

TABLE  4 


Data  on  the  preparation  of  silicotungstic  acid  from  the  potassium  salt  via  the  barium  salt 


Expt. 

Number 

Conditions  of  purification  of  barium  salt 

Results  of  analysis  of  silicotungstic  acid 
(hydrate)  (in  %) 

H2O 

SiO,. 

!  K,0 

WO, 

1 

Barium  salt  not  washed  free  from  Cl 

14.9 

1.98 

^  1.02 

82.12 

2 

Ditto 

5.9 

2.20 

i  1.06 

- 

3 

Barium  salt  washed  until  the  wash  liquors 
were  weakly  opalescent 

16.0 

2.06 

0.60 

— 

4 

Barium  salt  washed  until  the  aqueous  extract 
from  the  salt  had  fain  opalescence 

16.00 

2.26 

0.02 

81.72 

5 

Ditto 

17.3 

1.98 

0.06 

80.66 

6 

Ditto 

8.2 

1.94 

0.015 

89.85 

7 

Acid  from  preceding  experiment  after 
washing  on  filter 

13.7 

1.94 

0.4 

83.96 

These  experiments  show  that  after  careful  washing  of  the  barium  silicotungstate,  a  heteropolyacid  is 
obtained  with  a  negligible  content  of  potassium  salt;  washing  of  silicotungstic  acid  with  water  on  the  filter 
increases  its  content  of  potassium  ions  due  to  the  higher  solubility  of  the  heteropolyacid  in  comparison  with 
the  potassium  chloride. 

Preparation  of  barium  silicotungstate  and  silicotungstic  acid  from  sodium  para- 
tungstate 

In  a  first  series  of  experiments,  sodium  paratungstate  was  prepared  from  ammonium  paratungstate  by 
heating  a  solution  of  the  latter  with  NaOH;  in  other  respects  the  preparation  of  sodium  silicotungstate  and 
preparation  from  the  latter  of  the  barium  salt  were  carried  out  on  the  same  lines  as  for  potassium  silicotung¬ 
state  except  that  hydrochloric  acid  (d  1.095)  was  employed  for  acidification. 

125  g  ammonium  paratungstate  was  dissolved  in  1.5  liters  water,  and  addtion  was  made  of  35  ml  40% 
sodium  hydroxide  solution  and  of  silicic  acid  in  450%  excess;  complex  formation  proceeded  at  pH  0.4  (colori¬ 
metric  determination). 

In  another  series  of  experiments  sodium  paratungstate  was  prepared  from  sodium  tungstate  by  treating 
its  solution  with  hydrochloric  acid  (d  1.12)  until  a  weakly  alkaline  or  neutral  reaction  (pH  7-7.)  was  obtained 
at  the  boiling  point;  the  barium  salt  was  obtained  by  precipitation  of  a  solution  of  sodium  silicotungstate 
with  a  25%  solution  of  barium  chloride.  We  may  point  out  that  in  all  the  synthesis  experiments  we  did  not 
isolate  sodium  silicotungstate  in  the  crystalline  form,  but  the  [Si(  W207)j]'^^^^  ion  was  precipitated  by  the  bar 
ium  ion  directly  from  the  solution  on  completion  of  the  reaction  of  complex  formation. 

Analysis  of  the  barium  salt  showed  that  a  preparation  of  the  7-substituted  salt  admixed  with  8-sub- 
stituted  salt  had  been  obtained. 

Found  %:  H2O  11.00;  Si02  1.52;  BaO  16.00. 

The  prepared  barium  silicotungstates  were  treated  with  sulfuric  acid;  the  specimens  of  silicotungstic 
acid  were  examined  under  the  microscope  and  analyzed. 

Found  %;  H2O  8-17;  Si02  1.98-2.2;  alkali  salts  recalculated  for  Me20  0.2-0.02;  SOj  0.05-0.07. 


A  solution  of  silicotungstic  acid  in  water  (1:  20)  should  be  transparent;  in  the  event  of  a  cloudy  solution 
being  obtained,  it  must  be  heated  to  80-90*  and  should  then  remain  transparent  even  on  cooling. 

Synthesis  of  ammonium  silicotungstate ,  preparation  from  it  of  the  barium  salt 
and  of  free  cis- silicotungstic  acid 

The  first  experiment  was  performed  with  a  solution  of  ammonium  paratungstate  to  which  was  added  an 
excess  of  H2Si03;  HCl  was  used  for  acidification;  complex  formation  was  not  observed  at  a  pH  of  the  reaction 
medium  of  0.4,  but  tungstic  acid  was  precipitated.  At  a  lower  acidity  of  the  solutions  (pH  1.4- 1.5)  formation 
of  the  silicotungstate  ion  proceeded  normally;  it  was  experimentally  established  that  the  optimum  concentration 
of  ammonium  paratungstate  solution  for  the  synthesis  was  1:12. 

A  freshly  precipitated  silicic  acid  gel  and  36  ml  of  hydrochloric  acid  (d  1.095)  were  added  to  a  solution 
of  ammonium  paratungstate  (1: 12);  the  resulting  solution  was  heated  for  2-3  hours  to  effect  the  reaction  of 
complex- formation,  and  then  held  at  room  temperature  for  10-15  hours;  the  precipitate  of  silicic  acid  was 
filtered  off,  washed  with  water  and  the  filtrate  and  wash  water  were  evaporated  down  to  d  1.2-1. 3  (at  50*); 
after  this,  barium  silicotungstate  was  precipitated  with  banum  chloride  solution;  the  experiment  showed  that 
precipitation  of  [Si(  W207)5]^^^^  with  barium  chloride  from  more  dilute  solutions  did  not  permit  complete  pre¬ 
cipitation  of  the  heteropolyanion  (Table  5).  Further  isolation  of  barium  silicotungstate  and  its  dectxnposition 
with  sulfuric  acid  were  performed  as  described  above. 

As  the  microscopic  and  analytical  ex¬ 
aminations  showed,  the  preparations  did  not 
differ  from  those  described  in  the  preceding 
series  of  experiments  in  respect  of  content  of 
Si02,  H2O  and  alkali  salts  (Table  4). 

On  evaporation  of  the  filtrates,  the  yield 
of  silicotungstic  acid  reaches  60-10%  We  ob¬ 
served  the  process  of  formation  of  [Si(W207)5]'^^n 
in  solutions  of  potassium,  sodium  and  ammonium 
paratungstates  at  various  values  of  pH.  The 
differing  acidities  of  the  salt  solutions  are  evi¬ 
dently  associated  with  the  fact  that  the  original 
polybasic  acid  Hjo[H2(W04)jJ,  from  which  the 
paratungstates  are  formed,  the  hydrogen  ions 
are  replaced  by  bases  of  different  strengths,  in 
consequence  of  which  the  pH  of  the  solutions 
of  alkali  metal  paratungstates  varies;  hence  the  synthesis  of  the  silicotungstate  anion  also  proceeds  at  various 
values  of  pH. 


BL 

Preparation  of  barium  silicotungstate  and  silicotungstic 
acid  from  ammonium  paratungstate.  Experimental 
conditions;  ammonium  paratungstate  250  g,  H2O  0.550 
liter,  25%  BaCl2  *  2H2O  300  ml 


Preparation 

Barium  salt 

Yield  of  silicotungstic 

number 

obtained  (in  %) 

acid  (in  %) 

1 

77 

31-39  (first  fraction) 

2 

72 

3 

77 

4 

65.7 

5 

78.5 

6 

77 

ANALYTICAL 

The  water  content  is  determined  by  thorough  drying  of  a  weighed  sample  at  about  100'  followed  by 
calcination  to  constant  weight.  Si02  and  alkali  metals  are  determined  by  hydrochlorination  of  a  weighed 
sample  of  the  dehydrated  and  calcined  preparation  in  a  tube  furnace  at  750*  for  removal  of  tungsten. 

The  residue  after  hydrochlorination  is  treated  with  water  and  filtered  from  Si02;  the  latter  is  calcined 
and  weighed;  ions  of  barium  or  alkali  metals  in  the  filtrate  are  determined  by  the  usual  methods. 

SUMMARY 

1.  The  possibility  was  tested  of  direct  synthesis  of  silicotungstic  acid  from  tungstic  and  silicic  acids; 
the  experiments  were  a  failure. 

2.  A  method  was  developed  for  the  preparation  of  8-substituted  barium  silicotungstate  from  potassium, 
sodium  and  ammonium  silicotungstates. 

3.  The  applicability  of  the  coordination  theory  to  the  problem  of  evaluation  of  the  basicity  of  hetero¬ 
polyacids  was  confirmed. 

4.  A  procedure  was  given  for  decomposition  of  barium  silicotungstate  with  sulfuric  acid  for  isolation  of 
the  free  cis- silicotungstic  acid. 
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5.  A  study  was  made  of  the  composition  of  the  barium  silicotungstates  isolated  by  the  action  of  barium 
chloride  and  barium  hydroxide  upon  alkali  silicotungstates. 

LITERATURE  CITED 

[1]  E.  A.  Nikitina  and  A.  S.  Kckurina,  J.  Gen.  Chem.,  19,  967  (1949)  (T.  p.  957)*. 

[2]  E.  A.  Nikitina,  G.  N.  Pyatnitskaya  and  I.  I.  Angelov,  J.  Gen.  Chem.,  23,  1617  (1953)(T.  p.  1695)*, 

[3]  Marignac,  Ann.  chim.  Phys.,  (4),  3,  5  (1664). 

[4]  Rosenheim  and  Jaenicke,  Z.  allg.  anorg.  Chem.,  101,  244(1917). 

[5]  Souchay,  Bull.  Soc.  chim.,  [5],  9,  289  (1942). 

[6]  Marignac,  op.  cit. 

[7]  Brandhorst  and  Kraut,  Ann.,  249,  373  (1888). 

[8]  A.  V.  Rakovsky  £nd  E.  A.  Nikitina,  J.  Gen.  Chem.,  1,  232  (1931). 

[9]  E.  A.  Nikitina  and  A.  S.  Kokurina,  J.  Gen.  Chem.,  19,  967  (1949XT.  p.  957) •. 

Received  April  21,  1955  Institute  of  Chemical  Reagents 

•  T.  p.  =  C.  B.  Translation  pagination. 


AMMONIUM-CALCIUM  OCTOBORATE 


A.  F.  levinsh,  Ya.  K.  Ozol  and  S.  G.  Vimba 


Alkaline  earth  metals  fomi  characteristic  double  borates  of  the  type  of  MejO*  Me^^O*  48203*  aq.  Such 
octoborates  have  been  obtained  with  potassium  in  the  case  of  calcium,  strontium  and  barium  [1-3],  It  was  found 
that  their  potassium  ion  can  be  replaced  by  the  ammonium  ion.  Double  octoborates  of  sodium  and  the  alkaline 
earth  metals  have  not  hitherto  been  obtained.  Ammonium-calcium  octoborate  is  formed  in  alkaline  solution 
(pH  9.8)  in  the  reaction  of  calcium  and  ammonium  ions  with  the  borate  anion  according  to  the  equation: 

•  CaCl2+  ?<NH4)2B407+  aq  — ►  (NH4)20*  CaO- 4B2O3  •  12H2O  +  2NH4CI. 

On  bringing  into  contact  solutions  of  calcium  chloride  and  ammonium  tetraborate,  an  amorphous  pre¬ 
cipitate  comes  down  which  only  gradually  becomes  crystalline.  Mixing  of  the  solutions  is  accompanied  by  a 
rapid  rise  in  pH  from  5  to  9.8.  Under  such  conditions  a  mixture  of  various  borates  comes  down  becaue,  as  in¬ 
vestigations  showed  [4],  each  borate  is  formed  in  a  relatively  narrow  pH  range.  Constancy  of  pH  in  this  reaction 
is  ensured  by  a  large  excess  of  ammonium  tetraborate.  Crystallization  of  the  precipitate  only  sets  in  at  a  ratio 
of  reactants  of  1 :  4,  and  even  then  only  after  20  hours.  On  increasing  the  amount  of  ammonium  tetraborate, 
crystallization  of  the  precipitate  starts  in  2  hours.  Ammonium  tetraborate  can  be  replaced  by  corresponding  pro¬ 
portions  of  boric  acid  and  concentrated  ammonia  solution. 

EXPERIMENTAL 

Synthesis  of  (NH4)20-  CaO  -  48203*  12H2O.  12  g  boric  acid  wasj  dissolved  in  200  ml  water  and  17.5  ml 

concentrated  ammonia  solution  was  added.  2.2  g  CaCl2’  6H2O  was  dissolved  in  20  ml  water.  ’On  mixing  the 
solutions  a  white  amorphous  precipitate  came  down  and  crystallized  completely  after  3  days.  The  crystals  were 
collected  and  washed  with  alcohol  and  ether.  Yield  19  g.  The  crystals  are  transparent  and  0. 1-2.0  mm  in  size; 
they  are  perfectly  stable  in  the  air  and  do  not  change  in  composition  when  kept.  The  following  chemical 
analysis  of  4  specimens  (I-IV)  shows  that  their  composition  corresponds  to  the  formula  (NH4)20*  CaO*  4B2O3*  I2H2O 
(Table  1). 


TABLE  1 


1  Found  (in  %) 

I 

II 

III 

1  IV 

j  Calculated  (in  <7o) 

(NH4^20 

8.65 

8.70 

8.57 

1  8.62 

8.64 

CaO 

9.14 

9.26 

9.38 

1  9.34 

9.30 

B2OS 

46.03 

46.27 

46.33 

46.15 

46.20 

H2O 

35.97 

35.69 

35.92 

35.84 

35.86 

Total 

99.79 

99.72 

1 

1  100.20 

99.95 

100.0 

Pycnometric  determination  of  the  density  of  the  crystals  in  toluene  gave  a  value  of  d^®  1.650  g/ml. 

Dehydration  of  the  preparation  was  effected  by  slow  heating  of  1  g  of  the  substance  in  a  crucible  furnace 
to  constant  weight  at  a  specified  temperature  which  was  established  from  thermographic  data.  At  50'  ammonium 
calcium  octoborate  loses  1  mole  water.  Starting  at  80'  water  goes  off  together  with  1  mole  ammonia,  and  the 


preparation  loses  9  moles  water.  At  110*  the  preparation  loses  still  another  mole  of  water  (the  tenth)  and 
evolution  of  a  second  molecule  of  ammonia  continues.  The  latter  process  is  prolonged  to  600*.  The  last  two 
moles  of  water  are  slowly  lost  on  heating  to  420*. 

Three  endothemiic  effects  are  visible  on  the  thermograms  of  ammonium-calcium  octoborate  (Fig.  1): 
at  88.  110  and  429*;  there  is  also  an  exothermic  effect  between  639  and  695*.  The  first  endothermic  effect  at 
88*  is  associated  with  the  loss  of  1  mole  ammonia  and  part  of  the  crystal  water;  the  second  at  110*  is  evidently 
associated  with  the  loss  of  10  moles  crystal  water.  The  third  effect  at  429*  is  bound  up  with  the  loss  of  the  last 
two  molecules  of  water.  It  follows  both  from  the  dehydration  data  and  from  the  thennograms  that  two  moles 
of  water  are  especially  firmly  retained.  The  endothermic  effect  between  639  and  695*  no  longer  relates  to 
ammonium-calcium  octoborate  (since  ammonia  has  already  been  lost),  but  is  apparently  associated  with  a 
recrystallization  of  the  residual  calcium  borate. 


Fig.  1.  Thermogram  of  ammonium-calcium 
octoborate 

Examination  of  the  crystals  in  polarized 
light  in  all  three  directions  reveals  that  they  have 
right  extinction;  this,  in  conjunction  with  other 
evidence,  demonstrates  that  they  belong  to  the 
rhombic  system.  Results  of  crystal  measurements 
in  a  two-circle  reflecting  goniometer  are  set 
forth  in  Table  2. 

It  follows  from  the  measurements  that  the 
crystals  possess  a  center  of  symmetry,  3  axes  of 
symmetry  of  the  second  order  and  3  planes  of  sym 
metry,  and  that  they  belong  to  the  rhombic- 
bipyramidal  class.  In  shape  they  are  a  combin¬ 
ation  of  two  pinacoids  flOOj  ,  /OlO)  ,  two 
prisms  (llO}  ,  foil)  ,  and  a  bipyramid  fill) 
(Fig.  2). 


TABLE  2 


Spherical  coordinates  of  crystals  of  ammonium- calcium 
octoborate 


Symbol 

1  Measured  | 

1  Calculated 

(p 

P 

P 

100 

V 

90* 

0* 

90* 

010 

89*54’ 

90* 

90* 

0 

O 

110 

37*1’ 

90* 

- 

- 

Oil 

90* 

35*2’ 

- 

- 

111 

37*12* 

49*5* 

37*1* 

49*21* 

Fig.  2.  Crystals  of  ammonium-calcium  octoborate. 


The  ratio  of  the  crystallographic  axes  was  calculated  from  the  spherical  coordinates  of  the  110  and  011 
faces:  a,:  bo:  Co  =  0.7538:  1:  0.7010. 

For  approximate  determination  of  the  pararneters  of  the  unit  cell  of  ammonium-calcium  octoborate 
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crystals,  rotating  crystal  X-ray  diagrams  were  prepared  for  the  directions  [100],  [010]  and  [001].  The  identity 
periods  were  calculated  from  the  distances  between  the  planes;  the  following  results  were  obtained; 
a  =  12.55  A,  b  =  16.70  A  and  c  =  11.65  A. 


The  following  data  were  calculated  from  the  parameters  of  the  unit  cell  found:  1)  ratio  of  the  roent- 
genographic  axes  —  a;  b:  c  =  0.7515: 1;  0.6976;  from  this  the  ratio  of  the  goniometric  axes  to  the  roentgeno- 


graphic  axes:  ao :  *^0 : 
molecules  in  unit  cell  —  z 


a :  b:  c;  2)  volume  of  the  unit  cell  —  v 
vdN  _  2441.67- 1.650-  0.602 
M  ~  602.912 


a  -  b  -  c 
4.02  w  4. 


2441.67  A*;  3)  number  of 


SUMMARY 


1.  A  method  is  proposed  for  the  preparation  of  ammonium-calcium  octoborate  as  well-formed  crystals 
suitable  for  crystallographic  and  X-ray  investigations.  Their  chemical  composition  corresponds  to  the  formula 
(NH4)20.  CaO-  4820,-  I2H2O. 

2.  Thermograms  are  plotted  and  the  process  of  dehydration  is  studied. 

3.  Crystals  of  ammonium-calcium  octoborate  belong  to  the  rhombic-bipyramidal  class. 

The  parameters  of  the  unit  cell  of  crystals  of  ammonium-calcium  octoborate  are  determined. 


LITERATURE  CITED 


[1]  G.  K.  Code,  Bull.  Acad.  Sci.  Latvian  SSR,  No.  3,  115  (1952). 

[2]  G.  K.  Gode  and  A.  D.  Keshan,  Symposium  on  "Chemistry  of  Borates",  Acad.  Sci.  Latvian  SSR 

Press,  39  (1953). 

[3]  A.  Keshan  and  I.  Streipa,  Bull.  Acad.  Sci.  Latvian  SSR,  No.  5,  105  (1954). 

[4]  A.  Keshan,  Bull.  Acad.  Sci.  USSR,  Div.  Chem.  Sci.,  1948,  537. 


Received  February  3,  1955 


Institute  of  Chemistry  of  the  Academy 
of  Sciences  of  the  Latvian  SSR 


17 


IRREVERSIBLE  RECIPROCAL  SYSTEMS  OF  THE  SINGLUAR  TYPE  WITH  LAYERING 
FROM  CHLORIDES  AND  NITRATES  OF  POTASSIUM  AND  SILVER,  AND  BROMIDES 
AND  NITRATES  OF  POTASSIUM  AND  SILVER 


G.  M.  Lifshits 


Double  decomposition  of  silver  nitrate  with  potassium  halides  has  already  been  studied  in  part  [1,  2,  6]. 

All  the  authors  leport  a  sharp  displacement  of  the  equilibrium  reaction  in  the  direction  of  formation  of 
silver  halides  due  to  their  Insolubility  in  fused  potassium  nitrate  and  to  the  high  thermal  effect  of  the  reactions: 

AgNO,  +  KCl  — ♦  AgCl  +  KNO,  +  14.63  kcal/equiv. 

AgNOs  +  KBr  — AgBr  +  KNOj  +  18.43  kcal/equiv. 

in  which  connection  these  systems,  according  to  the  classification  of  A.  G.  Bergman  and  N.  S.  Dombrovskaya, 
may  be  classed  as  singular,  reciprocal- irreversible  systems. 

The  character  of  the  complete  fusion  diagrams  of  the  reciprocal  systems  K,  Ag//  Cl,  NOs  and  K,  AgJjBr,  NQj 
studied  by  us,  confirms  their  singularity. 

EXPERIMENTAL 

The  systems  were  studied  by  the  visual-polythermal  method  of  physico-chemical  analysis.  The  tempera¬ 
ture  of  the  melts  was  measured  with  a  nichrome-constantan  thermocouple.  Melting  was  performed  in  glass 
test  tubes  and  the  melt  was  stirred  with  a  glass  stirrer.  Separation  of  the  first  crystals  was  observed  before  600*. 

The  starting  salts  KNOs,  KCl,  KBr,  AgNOs  weie  reciystallized  from  chemically  pure  reagents;  AgCl  and 
AgBr  were  synthesized.  The  melting  points  of  the  pure  salts  were  respectively:  337,  774,  740,  208,  452,  419*. 

All  the  percentages  given  are  molar. 

Binary  Systems  • 

1.  System  KNOg— KCl  [3,  1,  4];  eutectic  point  at  320*  and  6%  KCl.  Transition  point  (melting  with 
decomposition  of  the  compound  KNOj  •  KCl)  at  360*  and  11. KCl. 

2.  System  KNOg—KBr  [1];  eutectic  point  at  336*  and  ~0.7‘7o  KBr.  Transition  point  (melting  with  de¬ 
composition  of  the  compound  KNOs*  ^^2*  and  4.5%  KBr. 

3.  System  AgNOs— KNOs  [1]'>  eutectic  point  at  131*  and  38%  KNQs.  Transition  point  (melting  with  de¬ 
composition  of  the  compound  AgNOs '  KNOs)  134*  and  45.57o  KNOs.  Polymorphic  transformation  of  AgNOs 
at  162*. 

4.  System  AgNOg— AgCl  [1,  4];  eutectic  point  at  176*  and  18.5%  AgCl.  Transition  point  (compound 
AgNOs  •  AgCl)  at  200*  and  31%  AgCl. 

5.  System  AgNOs~AgBr  fl];  eutectic  point  at  155*  and  24%  AgBr.  Transition  point  (compound 
AgNOs  •  AgBr)  at  188*  and  45.5%  AgBr. 


♦  All  the  binar)  systems  were  repeated  by  us. 
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6.  System  AgCl— KCl  [1,  4,  5];  eutectic  point  at  318*  and  30%  KCl. 

7.  System  A^Br—KBr  [1];  eutectic  point  at  286*  and  31%  KBr. 

System  K,  Ak//c1.  NOg 

For  elucidation  of  the  character  of  the  interaction  inside  the  reciprocal  system  and  of  the  surface  of  the 
liquidus,  a  study  was  made  of  2  diagonal  sections  and  16  internal  cuts,  •  extending  in  various  directions. 

Diagonal  sections.  The  fusion  diagram  of  the  stable  diagonal  section  of  KNOs-AgCl  (Fig.  1)  consists  of 
two  horizontal  lines  corresponding  to  the  melting  points  of  AgCl  (452*)  and  KNO3  (337*),  demonstrating  the  sub¬ 
stantially  complete  immiscibility  of  the  components  of  the  stable  pair  in  the  fused  state. 

^  The  unstable  diagonal  section  of  AgN03~KQ 

^  indicates  the  double  decomposition  of  the  re- 

/  ciprocal  system  K,  Agfjci,  NO3.  The  fusion  diagram 

^0^"  j  of  the  unstable  section  (Fig.  1)  has  the  character 

/  of  a  binary  system  and  consists  of  four  crystal- 

I  lization  branches:  AgNC)3,  AgNOj  •  AgCl,  AgCl, 

S00‘ -  ;  KCl  /  KCl,  which  intersect  respectively  at  152*  and 

;  1  /  12.5%  KCl,  177*  and  16.5%  KCl.  318*  and  63.5% 

1  \  /  KCl.  A  polymorphic  transformation  is  observed 

'1  /  at  159*  on  the  AgN03  crystallization  branch.  The 

A/rn  /  Ann  layering  region  is  located  in  the  interval  from 

j  W  ^  1*^^"  30%  KCl  at  371*  to  67%  KCl  at  340*. 

l^AgClX  1 


KNO] 


On  the  silver  chloride  crystallization  branch 
of  the  unstable  diagonal  and  of  all  the  internal 
cuts,  the  formation  is  observed  of  singular  points 
on  the  ordinates  corresponding  to  the  composition 
of  the  stable  diagonal  at  452*. 

The  results  of  all  the  investigations  are 
generalized  in  the  fusion  diagram  in  the  form  of 
an  orthogonal  projection  of  the  isotherms  of  the 
concentration  square  of  the  reciprocal  system  (Fig.  2). 


0  20  ^0  60  80  100  The  diagram  of  the  surface  of  the  liquidus 

mci-ft  Ve  of  the  system  K,  Ag^^Cl,  NO3  is  characterized  by 

c-  ,  1  •  f  u  A  seven  fields  of  crystallization;  their  areas  in  per- 

Fig.  1.  Diagonal  sections  of  the  system  K,  Ag//Cl,  NO3.  ^  ^ 

centages  of  the  total  area  of  the  square  are: 

AgCl  66.15,  KCl  27.59,  AgN03  3.80,  compounds 

AgN03- AgCl  2.17,  compounds  AgN03-  KNO3  0.09,  compounds  KN03-  KCl  0.18,  KNC)3  0.02.  In  the  field  of 
crystallization  of  AgN03  was  observed  a  line  of  polymorphic  transformation  of  silver  nitrate  at  159*. 


Fig.  1.  Diagonal  sections  of  the  system  K,  Ag^^Cl, 


All  the  fields  of  crystallization  meet  in  four  nonvariant  points  (Table  1). 


TABLE  1 


tempera - 


Eutectic 


Transition 


Composition  (in  mole  %) 


Equilibrium  phases 


AgN03  +  AgNOs  •  KNO3  +  AgN03  •  AgCl 


0.39  5,61  KNO3  +  KN03- KCl  +  AgCl 

2.40  -  AgN03-KN03+  AgN03- AgCl  +  AgCl 

3.60  15.4  KNOj- KCl  +  KCl  +  AgCl 


•  In  view  of  the  great  mass  of  data,  the  data  for  the  internal  cuts  are  not  given. 
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Fig.  2.  Fusion  diagram  of  the  system  K,  Ag^^Cl,  NO3. 


The  position  of  the  nonvariant  points  and  of  the  lines  of  common  crystallization  of  the  components  is 
given  in  the  form  of  projections  of  these  points  and  of  the  lines  of  the  ternary  system  KNO3— AgCl— AgNOs  on  to 
the  AgN03— KNO3  side  (Fig.  3)  and  of  the  ternary  system  KNO3— AgCl— KCl  on  to  the  KNO3— KCl  side  (Fig.  4). 


Fig.  3.  Projection  of  the  lines  of  common  crystal-  Fig.  4.  Projection  of  the  lines  of  common  crystal¬ 
lization  of  the  ternary  system  K,  Ag||Cl,  NO3  on  to  lization  of  the  ternary  system  K,  Ag|JCl,  NO3  on  to 

the  AgN03— KNO3  side.  the  KCl— KNO3  side. 

1)  AgN03  AgCl  +  AgCl,  2)  AgN03  +  AgN03  •  AgCl.  1)  KNO3  '  KCl  +  KCl.  2)  KNO3  +  KNO3  •  KCl, 

3)  AgNOj  +  KNO3  •  AgN03,  4)  KNO3  •  AgNq3+  KNO3.  3)  KNO3  •  KCl  +  AgCl  +  KCl,  4)  KNO3  +  KNO3  •  KCl  + 

5)  AgN03  •  KNO3  +  AgN03  AgCl  +  AgCl,  ’  +  AgCl,  5)  AgCl  +  KCl. 

6)  AgN03  +  AgN03  •  KNO3  +  AgN03  •  AgCl. 

The  stable  KNO3— AgCl  diagonal  is  a  rectilinear  singular  ridge  and  divides  the  square  of  the  reciprocal 
system  into  two  ternary  systems:  KNO3— AgCl— AgN03  and  KNO3— AgCl— KCl. 

The  region  of  layering  is  in  the  form  of  an  oval  whose  major  axis  passes  through  the  stable  diagonal;  it 
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occupies  527o  of  the  area  of  the  square.  The  greater  part  of  the  region  of  layering  is  contiguous  with  the  AgCl 
crystallization  field  and  partly  adjoins  the  KCl  field.  Tlie  line  of  coiiinion  crystallization  of  these  salts  is  in 
the  region  of  layering  and  corresponds  to  a  four-phase  inonotectic  process  at  318".  The  node  corresponding  to 
the  maximum  temperature  of  crystallization  in  the  region  of  layering  coincides  with  the  stable  diagonal  of 
KNOj-AgCl. 

Reciprocal  system  K,  Ag//Br,  NO3 

The  fusion  diagrams  of  the  reciprocal  systems  K.  Ag//ci,  NO3  and  K.  Ag^^Br,  NO3  are  very  similar;  re¬ 
placement  of  Cr  by  Br’  does  not  introduce  any  appreciable  changes.  This  is  evidently  tlie  result  of  the  complete 
similarity  (in  form  and  character)  between  the  two  systems  forming  the  ternary  reciprocal  systems;  of  the  con¬ 
spicuous  shift  of  the  reaction  in  the  direction  of  the  silver  halides  and  their  substantially  complete  insolubility 
in  potassium  nitrate;  of  the  stability  of  the  double  compounds  AgN03-KN03,  AgN03-AgCl  (Br),  KN03*KCl(Br) 
and  the  closeness  of  the  melting  points  of  silver  chloride  and  bromide  and  of  potassium  chloride  and  bromide. 

A  study  was  made  of  2  diagonal  sections  and  18  internal  cuts  •  for  the  purpose  of  determination  of  the 
surface  of  primary  separations  of  crystals  of  the  reciprocal  system. 


Diagonal  sections.  The  fusion  diagram  of  the  stable  diagonal  section  of  KNO3— AgBr  (Fig.  5)  consists  of 
two  horizontal  lines  corresponding  to  the  melting  points  of  the  pure  salts  AgBr  (419*)  and  KNO3  (337*),  indicating 

substantially  complete  immiscibility  of  the  components 
of  the  stable  pair  in  the  melt.  The  unstable  diagonal 
section  of  AgN03— KBr  characterizes  the  rea'ction  taking 
place  in  this  reciprocal  system.  The  fusion  diagram  of 
the  unstable  section  (Fig.  5)  consists  of  4  branches  of 
crystallization:  AgN03,  AgN03' AgBr,  AgBr  and  KBr, 
which  intersect  respectively  at  142*  and  14%  KBr,  169* 
at  21%  KBr,  335*  at  59%  KBr. 

On  the  AgN03  crystallization  branch  is  observed 
a  very  slight  discontinuity  corresponding  to  the  poly¬ 
morphic  transformation  at  159*.  Layering  occurs  in  the 
interval  between  29%  KBr  at  289"  and  67%  KBr  at  398*. 

The  crystallization  branch  of  silver  bromide  of  the  un¬ 
stable  diagonal  sections  and  all  the  internal  cuts  have 
a  singular  point  on  the  ordinates  corresponding  to  the 
composition  of  the  stable  diagonal  at  a  temperature  of 
419*.  The  results  of  all  the  investigations  are  generalized 
in  the  fusion  diagram  in  the  form  of  an  orthogonal  pro-* 
jection  of  the  isotherms  of  the  concentration  square  of 
the  reciprocal  system  (Fig.  6). 

The  seven  fields  of  crystallization  of  the  system 
K,  Ag//Br,  NO3  meet  in  four  nonvariant  points  (Table  2). 
The  areas  of  the  field  of  crystallization  in  percentages 
of  the  total  area  of  the  square  are:  AgBr  59.043, 

KBr  32.193,  AgN03  4.312,  compound  AgN03- AgBr 
4,372,  compound  AgN03‘KN03  0.062,  compound 
KN03-  KBr  0.014,  KN03~0,005  (substantially  insignificant). 


Fig.  5.  Diagonal  sections  of  the  system 
K.  Ag((Br.  NOj. 


TABLE  2 


Points 

Tempera¬ 

ture 

1  Composition  (in  1 

mole  %) 

Equilibrium  phases 

■SH 

PSTTBI 

KBr 

El 

Eutectic 

119* 

61.10 

37.00 

1.90 

- 

AgN03  +  AgN03  •  KNO3  +  AgN03  •  / 

Ej 

Ditto 

322 

— 

99.50 

0,10 

0.40 

KNO3  +  KNO3  •  KBr  +  AgBr 

Pi 

Transition 

127 

57.76 

40.41 

1.84 

- 

AgN03’KN03+  AgN03'AgBr+  Ag 

P2 

Ditto 

331 

— 

96.00 

0.42 

3.58 

KNO3  •  KBr  +  AgBr  +  KBr 

•  Data  for  the  internal  cuts  are  omitted. 
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Fig,  6.  Fusion  diagram  of  the  system  K,  Ag||Br,  NO3. 


The  position  of  the  nonvariant  points  and  of  the  lines  of  common  crystallization  of  the  components  is 
given  in  the  form  of  projections  of  these  points  and  lines  of  the  terniary  system  KNOj— AgBr—AgNOs  on  to  the 
AgNOs— KNOs  side  (Fig.  7)  and  of  the  ternary  system  KNOs— AgBr— KBr  on  to  the  KNOj— KBr  side  (Fig.  8). 


r 


0  20  itO 


Kkiie.  % 

Fig.  7.  Projection  of  the  ternary  system  K,  Ag||N03,  Br 
on  to  the  AgN03--KN03  side. 

1)  AgN03  •  AgBr  +  AgBr,  2)  AgNP3  +  AgN03  •  AgBr, 

3)  AgN03  +  AgN03  •  KNO3.  4)  AgNO,  •  KNO3  +  KNO3, 

5)  AgN03  •  KNO3  +  AgN03  •  AgBr  +  AgBr,  6)  AgN03  + 

+  AgNOj  KNO3  +  AgN03  •  AgBr. 


0  20  W  60  80  WO 


molc.  % 

Fig.  8.  Projection  of  the  ternary  system 
KNO3- AgBr- KBr  on  to  the  KN03-KBr  side. 
1)  KNO3  +  KNP3  •  KBr,  2)  KNP3  •  KBr  + 

+  KBr,  3)  KNO3  •  KBr  +  KBr  +  AgBr,  4)  KNO3  + 
+  KNO3  •  KNO3  •  KBr  +  AgBr,  5)  KBr+  AgBr. 


The  stable  diagonal  section  is  a  rectilinear  singular  ridge  and  divides  the  square  of  the  reciprocal  system 
into  two  ternary  systems:  KNO3— AgBr— AgN03  and  KNO3— AgBr— KBr. 

The  layering  region  has  the  form  of  an  oval  passing  across  the  stable  diagonal,  and  occupies  54%  of  the 
area  of  the  square.  The  nonvariant  line  of  common  crystallization  of  AgBr  and  KBr  passes  through  the  layering 
region  and  corresponds  to  the  four-phase  monotectic  process  at  335* 
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The  node  corresponding  to  the  maximum  temperature  of  crystallization  in  the  layering  region  coincides, 
as  in  the  case  of  the  system  K,  AgiiCl,  NOs,  with  the  stable  diagonal. 

The  investigation  was  undertaken  under  the  direction  of  Professor  A.  P.  Palkin  in  the  laboratory  of  the 
Department  of  Inorganic  Chemistry  of  the  Voronezh  Institute  of  Medicine. 

SUMMARY 

1.  The  ternary  reciprocal  systems  of  the  chlorides  and  nitrates  of  potassium  and  silver  and  the  bromides 
and  nitrates  of  potassium  and  silver  were  investigated  by  the  visual-polythermal  fusion  method. 

2.  The  reciprocal  systems  K,  Agli  Cl,  NOs  and  K,  Ag||  Br,  NOs  are  characterized  by  a  sharp  shift  of  the 
equilibrium  reaction  in  the  direction  of  formation  of  silver  halides  due  to  their  insolubility  in  fused  potassium 
nitrate  and  to  the  high  standard  thermal  effect  of  the  reaction.  ^ 

3.  In  the  classification  of  A.  G.  Bergman  and  N.  S  Dombrovskaya  the  reciprocal  systems  K,  Agll  Cl,  NOj 
and  K,  Agn  Br,  NO3  are  singular  reciprocal-ineversible  systems  with  layering. 

4.  The  stable  diagonal  section  of  the  systems  is  a  rectilinear  singular  ridge  and  coincides  with  the  node 
corresponding  to  the  maximum  temperature  of  crystallization  in  the  layering  region. 
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DIPOLE  MOMENTS  OF  SOME  COMPLEX  COMPOUNDS  OF  INDIUM 
AND  THALLIUM  TRIHALIDES 

I.  A.  Sheka 


Trihalides  of  metals  of  the  gallium  subgroup'form  considerably  fewer  complex  compounds  than  halides 
of  compounds  of  boron  and  aluminum.  Only  a  few  compounds  of  thallium  trichloride  are  described  in  the 
literature,  and  their  physical  properties  have  generally  been  little  investigated. 

A  number  of  authors  [1-4]  have  studied  the  polar  properties  of  complex  compounds  of  aluminum  halides. 
Determinations  have  been  made  of  the  dipole  moments  of  some  complex  compounds  of  boron  [1,  2,  5]  and  of 
gallium  [6].  No  data  have  been  available  for  the  dipole  moments  of  complex  compounds  of  the  remaining 
elements  of  the  gallium  subgroup. 

Comparison  of  the  dipole  moments  of  complex  compounds  of  aluminum  trihalides  with  those  of  gallium 
shows  that  in  both  cases  the  dipole  moments  of  the  complex  compounds  are  greater  than  the  sum  of  the 
moments  of  the  component  molecules;  the  increment  for  compounds  of  aluminum  (Ap  =  5.3  D)  is  greater  than 
for  compounds  of  gallium  (A  p  =  4.7  D)  with  analogous  addends.  This  signifies  also  that  the  polarity  of  the 
coordinate  bond,  which  characterizes  the  tendency  to  completion  of  the  outer  electron  shell  in  the  atoms  of 
the  metals  investigated,  changes  in  the  same  direction. 

In  this  connection  it  appeared  of  interest  to  investigate  the  dipole  moments  of  some  complex  compounds 
of  thallium  trichloride  and  indium  tribromide. 

In  the  present  investigation  measurements  were  made  of  the  dipole  moments  of  compounds  of  thallium 
trichloride  with  pyridine,  quinoline  and  dioxane,  and  of  indium  tribromide  with  diethyl  ether.  In  the  course 
of  these  investigations  we  synthesized  new  complex  compounds  of  thallium  trichloride  with  dioxane  and  of 
indium  tribromide  with  diethyl  ether. 

EXPERIMENTAL  • 

Complex  compound  of  thallium  trichloride  with  dioxane.  The  compound  TlCls*  2C4Hg02  was  prepared 
from  a  solution  of  thallium  trichloride  in  dioxane  by  slow  evaporation  of  the  dioxane  in  a  vacuum-desiccator. 
Colorless,  hexahedral  lamellar  crystals  came  down  from  the  supersaturated  solution;  their  analysis  for  thallium 
and  chlorine  corresponded  to  the  composition  of  the  aforementioned  compound.  When  kept  for  a  long  period 
over  sulfuric  acid,  the  compound  loses  dioxane  and  changes  to  a  white  powder  of  thallium  trichloride,  thus 
demonstrating  its  poor  stability.  The  complex  melts  with  decomposition  in  a  sealed  capillary  in  the  tempera¬ 
ture  range  of  65-75*.  The  complex  is  slightly  soluble  in  benzene. 

The  dipole  moments  were  measured  by  the  method  of  dilute  solutions.  The  procedure  and  notation 
have  been  reported  previously  [7].  Measurements  were  performed  at  20*. 

In  Table  1  are  set  forth  the  values  of  the  dielectric  constants  and  specific  gravities  as  well  as  the  magni¬ 
tudes  of  the  dielectric  polarization  extrapolated  to  infinite  dilution.  The  magnitude  of  the  dipole  moment  of 
the  complex  is  given  in  Table  5. 

Compound  of  thallium  trichloride  with  pyridine.  This  compound  was  obtained  by  the  method  of  Meyer 
[8]—  introduction  of  pyridine  into  an  aqueous  solution  of  thallium  trichloride;  a  white,  heavy  crystalline  pte- 
cipitate  of  the  complex  compound  came  down  and  was  separated  from  the  solution,  washed  with  anhydrous 
•  E.  V.  Redkina  took  part  in  the  experimental  work. 
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alcohol  and  then  witli  dry  ether,  and  recrystallized  front  a  mixture  of  alcohol  and  ether.  The  same  compound 
may  be  prepared  more  simply  by  adding  pyridine  to  an  ethereal  solution  of  TICI3. 


TABLE  1 

Dielectric  constants  and  polarizations  of  the 
complex  TlCls'  2C4n3(')2  in  benzene 


c. 

rf 

€ 

I 

0.00 

0.8785 

2.283 

_ 

0.00021 

0.8791 

2.289 

360 

0.00042 

0.8797 

2.292 

358 

P2C0  = 

360  c.'^s 

TABLE  3 

Dielectric  constants  and  polarizations  of  the 
complex  TICI3  •  2C9H7N  in  dioxane 


d 

1 

c  1 

P,  (cm-) 

1.0.336 

2.218 

0.00069 

1.0355 

2.252 

793 

0.00171 

1.0385 

2.303 

789 

0.00204 

1.0395 

2.321 

801 

0.00218 

1.0399 

2.329 

806 

0.00232 

1.0403 

2.335 

798 

0.00272 

1.0419 

2.358 

805 

P-zco  •= 

800  cm^ 

TABLE  5 


TABLE  2 

Dielectric  constants  and  polarizations  of  the  complex 
TlCl3‘  SCsIljjN  in  benzene 


C, 

d 

e 

P,  (e«») 

0.00 

0.8785 

-2.283 

0.00013 

0.8788 

2.286 

462 

0.00029 

0.8792 

2.290 

465 

0.00032 

0.8793 

2.291 

474 

0.00049 

0.8797 

2.295 

471 

0.00052 

0.8798 

2.297 

500 

2 

II 

460  cm  3 

TABLE  4 

Dielectric  constants  and  polarizations  of  the  complex 
InBrs  •  (€2115)20  in  benzene. 


C, 

d 

E 

P,  (cm’; 

0.00 

0.8785 

2.283 

0.00061 

0.8803 

2.306 

599 

0.00075 

0.8807 

2.311 

596 

0.00087 

0.8810 

2.316 

605 

0.00107 

0.8816 

2.323 

595 

0.00114 

0.8816 

2.326 

600 

0.00133 

0.8823 

2.332 

590 

0.00143 

0.8827 

2.334 

570 

Pz^  = 

600  cm-'' 

Compound 

Solvent 

P2.. 

Po 

^  ■  10“ 

Complex  I 

Organic  mokrcwle 

TlClj-  2C4Hg02 

Benzene 

360 

75 

285 

3.66 

0 

TlClg-  3C5H5N 

Benzene 

457 

107 

350 

4.07 

2,08 

TICI3  •  2C:5H7N 

Dioxane 

800 

119 

681 

5.68 

2.15 

InBr3  •  (€3115)20 

Benzene 

600 

63 

537 

5.04 

!  1.14 

Determination  of  the  thallium  and  chlorine  contents  of  the  compound  prepareeJ  by  the  latter  method 
showed  that  its  composition  corresponds  to  the  fomiula  T1C13-  3C5H5N.  This  compound  is  poorly  soluble  in  water, 
slightly  soluble  in  benzene,  and  readily  soluble  in  alcohol  and  dioxane. 

Measurements  of  the  dielectric  constants  and  the  calculated  polarizations  are  set  forth  in  Table  2;  the 
dipole  moments  are  in  Table  5. 

Compound  of  thallium  trichloride  with  quinoline.  The  complex  compound  TlCls-  2C9H3N  has  been  pre¬ 
pared  previously  [9]  by  addition  of  quinoline  to  a  saturated  solution  of  thallium  trichloride  in  anhydrous  alcohol. 
We  prepared  the  compound  by  adding  quinoline  to  a  saturated  solution  of  TICI3  in  dry  ether.  The  voluminous 
white  precipitate  of  the  complex  was  washed  several  times  with  ether  and  dried  in  vacuum  and  then  over  sulfuric 
acid’.  Chlorine  and  thallium  determinations  confirmed  the  composition  of  the  complex. 

In  a  sealed  capillary  the  complex  melts  at  192*. 


The  compound  TlCls*  2C5H7N  is  insoluble  in  benzene,  carbon  bisulfide  and  carbon  tetrachloride.  Its 
solubility  in  dioxane  reaches  QPjo,  and  for  this  reason  the  dipole  moment  was  determined  in  dioxane. 

Table  3  contains  the  results  of  determinations  of  the  dielectric  constants  and  polarizations  of  the  com¬ 
plex  TlCl3‘  2C9H7N  in  dioxane;  the  dipole  moment  is  given  in  Table  5. 

Compound  of  indium  tribromide  with  diethyl  ether.  Indium  tribromide  forms  a  compound  with  the 
composition  InBrj"  (€2115)20;  the  dipole  moment  was  determined  in  benzene.  In  Table  4  are  set  forth  the 
measurements  of  dielectric  constants  and  specific  gravities  and  the  calculated  values  of  dielectric  polarization. 

In  Table  5  are  set  forth  the  dipole  moments  of  the  complexes  studied.  For  their  determination  the  de¬ 
formation  portion  of  the  polarization  of  the  complexes  of  thallium  trichloride  was  calculated  from  the  mole¬ 
cular  refraction  of  TICI3,  which  we  measured  in  dioxane  [7],  and  from  the  refraction  of  the  organic  compound. 
For  the  InBr3  •  (€2115)20  complex  the  deformation  polarization  was  calculated  from  the  refraction  of  the  cor¬ 
responding  10ns  and  the  refraction  of  diethyl  ether.  The  atomic  polarization  was  assumed  to  be  \^o  of  the 
molecular  refraction. 

We  see  from  the  data  of  Table  5  that  the  dipole  moments  of  the  complex  compounds  of  thallium  tri¬ 
chloride  with  dioxane,  pyridine,  quinoline  and  of  indium  tribromide  with  diethyl  ether  are  fairly  high.  A 
similar  phenomenon  was  previously  observed  in  a  study  of  complex  compounds  of  boron  and  aluminum  halides,  and 
it  is  explained  by  the  fact  that  in  the  formation  of  complexes  between  trihalides  of  indium  and  thallium  on  the 
one  hand,  and  an  organic  molecule  on  the  other  hand,  a  new  coordinative  bond  is  developed.  The  latter,  being 
more  or  less  polar  (depending  upon  the  chemical  character  of  the  atoms  between  which  the  pole  is  formed), 
causes  an  increase  in  the  dipole  moment  on  linking  of  the  separate  molecules  to  form  a  complex. 

The  dipole  moments  of  the  investigated  complex  compounds  were  determined,  as  indicated  above,  in 
benzene  and  dioxane  as  solvents.  In  the  preceding  investigation  we  showed  that  thallium  trichloride  in  di¬ 
oxane  and  benzene  has  its  own  dipole  moment.  This  fact  is  not  in  conflict,  however,  with  the  conclusions 
since  the  compounds  studied  are  considerably  more  stable  than  the  compounds  of  Tl€l3  with  the  solvents  in 
which  the  measurements  were  made,  and  the  data  obtained  actually  characterize  the  electrical  properties  of 
the  complex  compounds  of  thallium  trichloride  with  dioxane,  pyridine  and  quinoline,  and  not  with  the  solvent. 
Thus,  the  compound  of  Tl€l3  with  benzene  is  very  unstable  and  it  cannot  be  isolated  in  the  pure  state.  By 
contrast,  the  compound  Tl€l3'  2€9H7N,  whose  dipole  moment  was  measured  in  benzene,  is  more  stable,  and  it 
can  be  obtained  in  the  crystalline  state  from  aqueous  solutions.  It  does  not  change  when  recrystallized  from 
alcohol  or  ether.  The  same  is  true  of  the  compound  Tl€l3-  2€4Hg02  which  may  be  isolated  by  crystallizations 
from  dioxane  (the  dipole  moment  was  determined  in  benzene).  Dioxane  in  turn  is  a  weaker  complex-former 
than  pyridine,  since  it  does  not  displace  pyridine  from  the  complex  Tl€l3‘  3€5H5N. 

It  is  evident  from  what  has  been  said  that  the  compounds  of  thallium  trichloride  with  dioxane,  pyridine 
and  quinoline  are  more  stable  than  the  compounds  which  they  might  form  with  the  solvents  used  for  the  measure¬ 
ments. 

In  complex  compounds  of  thallium  trichloride  the  thallium  exhibits  coordination  numbers  of  4  and  6. 
€onsequently  Tl€l3  can  add  on  3  molecules  of  ammonia  or  an  amine  with  formation,  for  example,  of  the 
compounds  Tl€l3*  3NH3  [10]  and  Tl€l3‘  3€5H5N,  or  1  molecule  of  diethyl  ether  with  formation  of  the  compound 
Tl€l3  ‘  (€2115)20  [8],  Apart  from  the  types  of  compounds  named,  thallium  trichloride  forms  another  type  of 
compound  with  dioxane  and  quinoline;  Tl€l3-  2€9H7N  and  Tl€l3*  2€4Hg02  [10], 

In  this  connection  it  is  interesting  to  compare  the  dipole  moments  of  thallium  trichloride  with  quinoline 
and  the  compound  of  Tl€l3  with  pyridine  which  contain  a  different  number  of  coordinated  molecules  of  amine. 
Here  it  must  above  all  be  noted  that,  in  spite  of  the  similarity  between  the  character  of  the  addends  in  the 
complexes  Tl€l3' 3€5H5N  and  Tl€l3' 2€9H7N  and  the  small  difference  between  the  dipole  moments  of  pyridine 
(2.08)  and  quinoline  (2.15),  the  dipole  moments  of  their  complex  compounds  differ  considerably  (4.07  D  and 
5.68  D);  this  is  bound  up  with  the  difference  in  composition  and,  consequently,  with  the  different  structure  of 
these  compounds. 


SUMMARY 

1.  €omplex  compounds  are  obtained  from  thallium  trichloride  and  dioxane  and  of  indium  tribromide 
with  diethvl  eiher  wi»h  the  compositions  Tl€l3*  2€4Hg02  and  InBr3'(€2H5)20. 
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2.  Determinations  are  made  of  the  dipole  moments  of  some  complex  compounds  of  thallium  trichloride 
and  indium  tribromide:  TlClj  •  2C4H,02  (M  =  3.66  D).  TlClj-  3C5H5N  (4.07  D),  TlClj-  2C9HTN  (5.68  D)  and 
InBrj*(C,H5)iO(5.04  D). 
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FORMATION  OF  SULFIDES  IN  THE  REACTION  OF  FERROUS  SULFIDE  WITH 

METAL  OXIDES 

I.  REACTION  OF  FeS  WITH  AljO,  IN  PRESENCE  OF  CARBON 

Zh.  L.  Vert  and  M.  V.  Kamentsev 


The  formation  of  aluminum  sulfide  by  the  action  of  FeS  on  AI2OS  in  presence  of  carbon  has  found 
practical  application  in  the  production  of  alumina  by  the  Haglund  method  [1].  The  literature,  however,  con¬ 
tains  conflicting  statements  as  to  the  temperature  of  start  of  formation  of  AI2S3  and  as  to  the  volatility  of  the 
sulfide  formed.  Siebers  [2]  obtained  an  insignificant  yield  of  AI2S3  at  a  temperature  of  about  1300*.  According 
to  Oelsen  and  Maetz  [3]  a  mixture  of  alumina,  FeS  and  wood  charcoal  did  not  undergo  a  loss  in  weight  at 
1400*.  Change  of  weight  was  found  at  1600*  but  was  only  considerable  at  about  1700*. 

From  the  thermodynamic  constants  of  aluminum  sulfide  necessary  for  evaluation  of  the  possibility  of 
occurrence  of  the  reaction 

AI2O3  +  3FeS  +  3C  =  AI2S3  +  3Fe  +  SCO,  (1) 

only  the  value  of  (AH298)y^j  g  =  —121550  cal/mole  [4]  is  known,  A  low  value  of  the  entropy  of  A12S3  was 

obtained  by  us  on  the  basis  of  the  semiempirical  equation  of  M.  Kh.  Karapetyants  [5],  derived  for  various 
sulfides,  and  from  Eastman's  formula  [6]. 

M.  Kh.  Karapetyants  showed  that  the  change  of  free  energy  of  the  reaction 

“  Me^  +  Sjhomb  =  “  Me^Sin  (2) 

is  in  linear  dependence  on  the  enthalpy  which  in  terms  of  ~  mole  sulfide  has  the  form: 

A  #*293  =  0.990  AH29,  +  0.17. 

The  latter  allows  calculation  of  AS  of  reaction  (2)  and  calculation  of  ^Al2S3-  According  to  the  Eastman 
equation  the  entropies  of  solids  (calculated  for  1  g-atom)  are  given  by 

S  =  -~  Rln—  +  Rln  —-3 - ^  R  In  T  r  .  +  12.5, 

2  n  n-d  2  ‘“S- 

where  M  is  the  molecular  weight,  ^  is  the  density,  _n  is  the  number  of  atoms  in  the  molecule.  AI2S3  “ 

=  1373*  K  [7],  dAi2S3  =  2.40  [8]). 

Both  methods  gave  similar  results  —  respectively  30,61  and  30.65  entropy  units.  The  mean  value  of 
SAI2S3  =  30.63  entropy  units  was  taken  as  a  basis. 

The  heat  capacity  of  aluminum  sulfide  was  calculated  by  summation  of  the  atomic  heat  capacities. 
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and  the  heat  of  fusion  was  assumed  to  be  7.3  kcaJ/mole.  The  thennodynamic  constants  of  all  the  remaining 
components  of  reaction  (1>,  likewise  the  heats  and  the  temperatures  of  the  phase  transformations,  were  taken 
from  the  handbook  of  Kubaschewsky  and  Evans  [9], 


The  values  of  tlie  change  of  free  energy  of  reaction  (1),  calculated  by  the  method  of  Temkin  and 
Schwartzmann,  are  set  forth  in  Table  1,  According  to  the  calculation  the  fomiation  of  AI2S3  commences  at 
about  2120*  K  (1850*  C).  The  values  there  given  for  A4>  for  the  reaction 

AljOj  +  3FeS  =  AI2S3  +  3FeO  (3) 

show,  however,  that  the  exchange  reaction  does  not  go  in  absence  of  carbon. 

TABLE  1 


Change  of  free  energy  with  temperature 


Reaction 

Change  of  free 

energy  ( A$) 

0 

0 

0 

1600* 

1800* 

1900* 

2000* 

2100* 

2200* 

(1) 

84460 

58550 

41070 

28140 

15130 

2210 

-10880 

(3) 

154130 

154740 

- 

154080 

— 

152890 

— 

The  calculated  temperature  of  reaction  (1)  is  considerably  higher  than  the  experimental  values  given  in 
the  text. 


EXPERIMENTAL 

The  processes  of  interaction  of  oxides  of  metals  with  sulfides  were  investigated  by  the  quenching  method. 
Mixtures  for  the  experiments  were  made  up  from  FeS  (reactive),  alumina  and  petroleum  coke.  Their  chemical 
compositions  are  set  forth  in  Table  2.  The  components  of  the  charge  were  pulverized,  screened  through  a 
No.  0125  sieve  and  thoroughly  mixed. 

TABLE  2 


Chemical  composition  of  starting  substances  (in  weight  '^0) 


Component 

AI2O3 

FeS 

C 

Fe 

FeO 

Fe203 

CaO 

Si02 

Volatiles, 

moisture 

Other  im¬ 
purities 

E 

Alumina 

97.73 

— 

— 

— 

— 

0.16 

0.10 

0.22 

— 

1.71 

99.92 

Ferrous 

sulfide 

0.22 

83.33 

8.15 

7.76 

0.47 

0.07 

100.03 

Coke 

0.13 

- 

93,50 

- 

- 

0.05 

0.04 

0,39 

5.90 

- 

100.01 

Fig.  1.  Arrangement  of  crucible  in  tube  of  Tammann 
furnace. 

1)  crucible,  2)  tube  of  furnace,  3)  front  protective 
sheet,  4)  rear  protective  sheet,  5)  graphite  stopper, 

6)  asbest  plug. 

the  crucible.  Fluctuations  of  temperature  from  the  mean 


The  reaction  vessels  ware  graphite  crucibles 
with  covers.  Experiments  were  run  in  a  Tammann 
furnace  in  the  temperature  range  of  1100-2000®. 
The  tube  of  the  furnace  was  arranged  horizontally; 
its  far  end  was  tightly  closed  with  an  asbestos  stop¬ 
per,  and  the  crucible  was  placed  in  the  middle  of 
the  hot  zone  between  two  protective  carbon  sheets 
(Fig.  1).  The  front  sheet,  as  also  the  graphite  stop¬ 
per,  whrch  closed  the  free  end  of  the  tube,  had  a 
small  hole  for  escape  of  gases.  When  the  tempera¬ 
ture  was  measured,  the  front  stopper  was  removed 
and  the  thread  of  the  optical  pyrometer  focused  . 
through  the  opening  of  the  sheet  on  to  the  wall  of 
during  an  experiment  did  not  exceed  15*. 


After  holding  for  an  hour  under  the  specified  conditions,  the  crucible  was  pushed  into  the  cold  zone  where 
it  cooled  in  an  atmosphere  of  carbon  monoxide.  The  reaction  product  was  weighed,  pulverized  and  analyzed. 

A  complete  analysis  of  the  products  of  reaction  was  not  usually  carried  out.  Since  the  purpose  of  the  work 
was  the  study  of  the  interaction  of  ferrous  sulfide  with  oxides,  determinations  were  made  afresh  of  the  sulfide 
formed,  usually  easily  decomposable,  and  of  the  unreactcd  FeS. 

For  determination  of  the  AI2SS  content  a  weighed 
sample  of  the  clinker  (0.08-0.20  g)  was  decomposed 
with  H3BO3  solution  in  a  hydrogen  atmosphere 
[10,  11].  By  this  procedure  the  FeS  is  decomposed  to 
a  lesser  extent  than  in  decompositon  with  MgCl2 
solution  [10]  or  with  water  in  a  CO2  atmosphere  [12], 

The  H3BO3  solution  was  prepared  immediately 
prior  to  the  analysis  and  boiled  a  short  period  for  re¬ 
moval  of  dissolved  oxygen.  Decomposition  was  per¬ 
formed  for  about  1  V2  hours  with  periodic  heating  of 
the  flask  to  the  boil.  The  evolved  H2S  was  absorbed 
by  0.1  N  iodine  solution,  the  excess  of  which  at  the 
end  of  the  decomposition  was  back-titrated  with  0.1  N 
Na2S203.  For  determination  of  the  total  content  of 
sulfide  sulfur,  a  weighed  sample  of  the  reaction  pro¬ 
duct  (0.17-0.10  g)  was  treated  with  HCl  (1:  3)  in 
presence  of  15  ml  1%  SnCl2  solution;  40-45  minutes  sufficed  here  for  complete  decomposition  of  the  AI2O3  and 
FeS. 

The  composition  of  the  charge  for  experiments  on  the  interaction  of  FeS  and  AI2O3  in  presence  of  carbon 
was  calculated  from  Equation  (1)  with  a  slight  excess  of  petroleum  coke;  it  comprised  10  g  AI2O3,  31.1  g  FeS  and 
4  g  C.  Allowing  for  impurities,  the  starting  material  contained  the  main  components  in  the  molar  ratio: 

[AI2O3]:  [FeS]:  [C]  =  1:3:  3.2.  A  sample  of  2.5-3  g  was  taken  for  an  experiment. 

The  iron  formed  in  the  reaction  and  the  excess  FeS  agglomerated  to  a  bead. 

Results  of  experiments  are  plotted  in  Fig.  2  which  shows  that  the  sulfide  which  is  decomposed  by  the  boric 
acid  first  appears  in  the  charge  at  about  1400-1500*,  and  its  content  rises  sharply  with  further  rise  of  temperature. 

In  the  1600-1730*  range  the  yield  of  AI2S8  (approx.  507o  of  the  theoretical)  remains  nearly  constant,  indicating 
formation  of  a  stable  compound.  The  equimolar  ratio  of  AI2O3  to  AI2S3  in  the  reaction  products  indicates  that 
the  compound  formed  is  either  AI2O3  •  A12S3  •  FeS  or,  more  probably,  A1203' AI2S3—  a  compound  whose  existence 
has  been  mentioned  by  a  number  of  authors.  Thus,  Siebers  [2]  regards  the  formation  of  Al203‘ AI2S3  as  possible 
on  the  basis  of  a  study  of  the  fusion  diagram  of  the  system  AI2O3— AI2S3.  N.  E.  Filonenkp  and  I.  V.  Lavrov  [13] 
studied  the  same  system  and  observed  the  separation  from  the  melt,  apart  from  corundum,  of  a  mineral  distinguished 
by  high  light  refraction  and  double  refraction  (ne  2.07,  no  1.97).  This  mineral  crystallizes  in  the  hexagonal 
system  and  the  authors  suggest  that  it  is  AI2O3  •  AI2S3. 

Above  1730*  the  content  of  sulfide  again  rises  and  a  fresh  plateau  is  observed  in  the  1750-1850*  region. 

Judging  by  the  yield  (approx.  75%  AI2S3)  the  newly  formed  compound  corresponds  to  AI2S3  •  FeS  (the  ratio  of 
AI2S3  to  FeS  in  the  product  is  nearly  unity). 

Formation  of  A12S3-  FeS  was  observed  by  Ditz  in  an  investigation  of  the  reaction  between  aluminum  and 
ferrous  sulfide  [14].  The  existence  of  this  compound  has  been  confirmed  by  later  studies  [15,  16], 

Further  rise  of  temperature  leads  to  an  increase  of  the  AI2S3  yield  to  96%;  at  the  same  time,  however,  some 
of  the  sulfide  sulfur  is  lost  (approx.  2%)  and  at  200*  the  losses  are  so  high  that  the  amount  of  AI2S3  falls  to  70%. 
Evidently  such  a  high  temperature  promotes  both  the  vaporization  of  AI2S3  and  FeS  and,  possibly,  the  dissociation 
of  AI2S3  to  AIS  and  elemental  sulfur. 

This  insignificant  yield  of  decomposable  sulfides  at  a  temperature  below  1400*  is  bound  up  with  unavoidable 
experimental  errors  as  well  as  with  slight  decomposition  of  FeS  in  boric  acid  solution. 

Heating  of  a  mixture  of  AI2O3.  FeS  and  carbon  to  above  1400*  leads  to  formation  of  aluminum  oxysulfide 


Fig.  2.  Yield  of  AI2S3  as  a  function  of  temperature, . 
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AljOs'  AI233,  Like  AI2SS,  the  oxysulfide  is  easily  decomposed  by  water  and  HjBOs  solution  with  evolution  of 
hydrogen  sulfide.  Formation  of  AljOs'  AI2S5  and  of  Al2Ss’  FeS  proceeds  at  a  lower  temperature  than  the 
formation  of  AI2SJ.  This  fact  also  accounts  for  the  deviation  of  the  calculated  temperature  of  reaction  (1) 
from  the  experimental  values  characterizing  the  appearance  in  the  reaction  mixture  of  decomposable  sulfides. 

The  temperature  at  which  AI2S3  is  directly  formed  (1850-1900*)  agrees  with  our  calculations.  In  this 
interval  the  formation  of  sulfide  according  to  reaction  (1)  goes  to  completion. 

SUMMARY 

1.  Reaction  of  FeS  with  AI2OJ  in  presence  of  carbon  commences  at  about  1400* 

2.  The  appearance  of  free  AI2S3  in  the  products  of  reaction  precedes  the  formation  of  compounds  of  the 
reaction  components  with  one  another:  A1203- AI2S3  and  Al2S3-FeS.  Under  the  reaction  conditions  the  first 
of  these  is  stable  up  to  1700*;  the  second  is  stable  in  the  1730-1850*  region. 

3.  In  agreement  with  thermodynamic  calculations  the  reaction  of  formation  of  AI2S3  goes  to  completion 
at  above  1850*. 

4.  Evaporation  or  decomposition  of  AI2S3  starts  at  above  1900*. 
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STUDY  OF  VANADYL  TARTRATE  COMPLEXES 


V.  L.  Zolotavin  and  N.  I,  Sintsov 


Complex  vanadyl  compounds  and  in  particular  tartrate  complexes  have  not  hitherto  been  adequately 
studied,  but  already  the  little  that  is  known  about  them  (deep  color,  stability  in  solutions  at  high  pH,  etc.) 
points  to  the  need  for  more  thorough  study  of  these  compounds  for  their  practical  utilizatiqn. 

Ducret  [1]  examined  the  composition  of  a  vanadyl  tartrate  complex  compound.  He  measured  the  pH  of 
solutions  containing  a  constant  amount  of  vanadyl  perchlorate  and  a  variable  content  of  sodium  tartrate  in  the 
course  of  addition  of  sodium  hydroxide.  On  the  basis  of  the  plots  of  pH  versus  volume  of  alkali,  Ducret  con¬ 
cluded  that  the  complex  compound  contains  one  vanadyl  ion  per  tartrate  ion,  and  he  assigned  to  it  the  structure: 

CO2H-CQH-COH-CO2H. 

VO 

Ducret  drew  attention  to  the  stability  of  this  complex  in  presence  of  hydroxyl  ions:  its  decomposition 
and  transition  to  hypovanadate  take  place  at  pH  >  12. 

It  is  impossible,  however,  to  fully  accept  Ducret's  conclusions  because  he  studied  the  complex  compound 
in  question  only  by  following  the  change  of  pH  of  the  solution,  whereas  the  occurrence  of  a  deep  color  in  this 
compound  points  to  the  expediency  of  the  spectrophotometric  method.  As  will  be  shown  below,  however,  the 
spectrophotometric  method  alone  does  not  give  a  complete  picture  of  the  complex  formation,  and  only  by 
resorting  to  other  methods  can  one  obtain  clearer  ideas  about  the  vanadyl  tartrate  complexes. 

The  polarographic  method  [2]  previously  confirmed  the  formation  in  solutions  of  a  vanadyl  tartrate 
complex  possessing  relatively  high  stability;  it  suffices  to  mention  that  in  presence  of  a  considerable  excess 
of  Seignette  salt  the  polarographic  wave  of  the  vanadyl  ion  completely  disappears.  An  attempt  to  determine 
the  composition  of  the  complex  ions  by  the  polarographic  method  [3]  was  unsuccessful  due  to  the  irreversibility 
of  the  process  of  reduction  of  the  vanadyl  ion  at  the  dropping  mercury  electrode. 

The  present  investigation  was  based  upon  physico-chemical  analysis.  Study  of  the  systems  specified 
below  was  conducted  by  the  method  of  continuous  changes.  A  particular  property  was  observed  (optical  density, 
electrical  conductivity,  etc.)  in  solutions  containing  varying  concentrations  of  vanadyl  sulfate  and  tartaric 
acid  (or  its  salts)  with  constant  total  volume  and  concentration  of  solution;  corrections  were  introduced  for  the 
same  properties  of  the  starting  substances,  and  composition/property  graphs  were  plotted.  As  we  know,  the 
method  of  continuous  changes  permits  evaluation  of  the  composition  of  a  complex  ion  or,  more  precisely,  of 
the  stoichiometric  ratio  of  the  components  forming  it. 

The  following  systems  were  studied:  VOSO4— KNaC4H405*  — H2O,  VOSO4— NaHC4H404— H2O,  VOSO4-- 

~  H2C4H405~  H2O. 

A  study  was  also  made  of  such  properties  of  the  solutions  as  optical  density  (D),  electrical  conductivity 
(w)  and  pH.  In  addition,  electrolysis  was  used  to  solve  the  problem  of  the  sign  of  the  charge  of  the  ions. 

Spectrophotometric  investigations  were  carried  out  with  a  vertical  FM  photometer  ( Pulfrich  type).  In 
separate  experiments  it  was  found  that  the  maximum  optical  density  both  in  solutions  of  vanadyl  sulfate  and 
in  solutions  of  its  tartrate  complex  is  observed  when  using  a  red  (S72)  and  a  yellow  (S57)  light  filter.  Electrical 


•  The  symbol  Tart  is  subsequently  used  to  denote  C4H4O4. 
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conductivity  was  measured  on  a  normal  KohJrausch  bridge  with  a  tube  generator  of  sonic- frequency  oscillations. 
The  pH  of  the  solutions  was  measured  witli  a  glass  electrode  with  the  help  of  a  LU-2  amplifier  and  a  PPTV-1 
potentiometer.  All  measurements  were  made  on  one  and  the  same  portion  of  solution. 

Vanadyl  sulfate  (V0S04"  SlIjO)  prepared  in  the  laboratory  was  used;  its  concentration  in  solution  was  de¬ 
termined  by  titration  witli  a  divalent  iron  salt  using  phenylanthranilic  acid  as  indicator.  The  tartaric  acid  and 
Seignette  salt  were  chemically  pure  grades.  A  solution  of  sodium  acid  tartrate  was  prepared  by  mixing  solutions 
of  tartaric  acid  and  sodium  hydroxide. 

All  experiments  were  conducted  at  room  temperature. 

I.  System  VOSO4  —  Na  KC^HjOg  —  HjO 


1.  The  optical  density  of  solutions  with  a  total  concentration  of  0.1,  0.Q5  and  0.01  m  was  investigated. 

In  one  cell  was  a  mixture  of  solutions  of  vanadyl  sulfate  and  Seignette  salt;  in  the  mixture  in  the  other  cell  the 
Seignette  salt  was  replaced  by  an  equal  volume  of  water.  This  enabled  the  immediate  determination  of  the 
optical  density  of  the  complex  formed,  D,  from  the  relation  D  =  Dj,  where  and  Dj  are  respectively  the 
optical  densities  of  the  mixture  of  solutions  of  both  substanees  and  of  the  pure  solution  of  the  vanadyl  salt.  Re¬ 
sults  of  measurements  are  plotted  in  Fig.  1.  We  see  that  the  maximum  optical  density  of  the  solution  is  observed 

at  a  ratio  of  basis  of  which  we  can  assume  the  formation  of  a  complex  ion  with  the 

composition  [VOR]^"^  (the  question  of  the  composition  of  the  addend  R  will  be  considered  below].  It  should  be 
noted  that  the  position  of  the  maximum  is  the  same  when  using  both  filtrates;  this  indicates  [4]  the  presence  in 
solution  under  the  given  conditions  of  only  one  colored  complex  compound.  The  graph  also  reveals  a  regular 
fall  of  the  absolute  value  of  D  with  falling  total  concentration  of  solution. 
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Fig.  2.  Change  of  electrical  conductivity  (w)  and  pH 
with  change  of  composition  of  an  O.Ql  m  solution  of 
the  system  VOSO4— NaKC4H40g~H20. 


Fig.  1.  Change  of  optical  density  (D)  with  changing  Fig.  2.  Change  of  electrical  conductivity  (w)  and  pH 
composition  of  solution  of  the  system  with  change  of  composition  of  an  O.Ql  m  solution  of 

VOSO4-  NaKC4H40g-  HjO.  the  system  VOSO4- NaKC4H406-  HjO. 

1)  0.1  rn,  II)  0,05  _m.  III)  0.01  in.  Subscripts  and 
DKT  denote  the  color  of  the  light  filter  (red,  yellow). 

2.  Measurements  were  made  of  the  electrical  conductivity  of  pure  solutions  of  vanadyl  sulfate  (W2)  and 
Seignette  salt  (wj)  and  their  mixtures  (Wj).  The  electrical  conductivity  corresponding  to  a  solution  of  the  pre¬ 
pared  complex  (w)  was  calculated  from  the  formula:  w  =  Wj— (W2  +  W3), 

Results  of  measurements  carried  out  on  0.01  and  0,05  m  solutions  (Figs.  2  and  3)  indicate  the  existence  of 
a  pronounced  maximum^  at  a  ratio  of  enables  us  to  suspeet  the  existenee  of  a  second 
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complex  ion  with  the  composition  [VORj]*”^’',  whose  formation  is  accompanied  by  an  extremely  sharp  fall  in 
the  total  electrical  conductivity. 


pH 

~w  10'^ 


to  35  30  25  20  *5  W  5  0 

oil  NaKTart 


Fig.  3.  Change  of  electrical  conductivity  (w)  and 
pH  with  change  of  composition  of  an  0.01  m  solution 
of  the  system  VOSO4— NaKC4H40g— H2O. 


d 


tny  No.  mart 

Fig,  4.  Change  of  optical  density  (D)  with  change  of 
composition  of  0.05  m  solution  of  the  system 
VOSO4-  NaHC4H406-  HjO. 

I)  Yellow  light  filter,  II)  red  light  filter. 


3.  Simultaneous  measurement  (during  electrical  conductivity  measurements)  of  the  pH  (Figs.  2  and  3)  gave 
results  that  showed  a  sharp  fall  of  pH  in  solutions  of  both  concentrations  when  the  ratio  dose  to 


2;  also,  starting  from  a  ratio  of  unity  the  magnitude  of  the  pH  changes  to  an  insignificant  extent  (this  is  more 
cleaily  expressed  in  the  0.05  m  solution).  This,  on  the  one  hand,  provides  indirect  confirmation  of  the  previously 
surmised  formation  of  two  complex  ions,  and,  on  the  other  hand,  gives  us,  for  the  first  time,  an  indication  of  the 
pH  regions  in  wliich  these  ions  exist. 


On  comparing  the  results  of  a  study  of  the  system  VOSO4— NaKC4H406— HjO  carried  out  by  all  three  methods, 
we  can  infer  the  existence  of  vanadyl  ditartrate  complexes:  [VOR]*”^  possessing  an  intense  violet  color  which  is 
formed  at  pH  <  3  and  whose  formation  is  not  associated  with  any  appreciable  change  of  electrical  conductivity  of 
the  solution;  the  other  complex  ion,[VOR2i*‘*^,  exists  at  pH  >  3;  during  its  formation  the  electrical  conductivity 
of  the  solution  changes  markedly,  and  in  these  experiments  it  was  impossible  to  detect  by  the  optical  method 
what  could  have  occurred,  due  either  to  the  absence  of  a  characteristic  color  or  to  a  low  concentration  under  the 
given  conditions. 

II.  System  V  O  S  O4  -  N  a  HC  4H40fi  -  H;  O 

1.  Measurements  were  made  of  the  optical  density  of  solutions  with  a  total  concentration  of  0,05  m.  The 
results  (Fig.  4)  confirm  the  existence  of  a  complex  ion  with  the  composition  [VOR]*~^. 

2.  Investigation  of  the  electrical  conductivity  of  0.05  m  solutions  revealed  that  it  only  changed  mono- 
tonically  without  any  maximum.  It  should  be  noted  that  with  rising  pH  of  the  solution  up  to  4.3  by  addition  of 
alkali,  i.e.  by  transformation  of  a  part  of  the  acid  tartrate  into  neutral  tartrate,  there  was  a  complete  repetition 
of  the  changes  observed  in  the  study  of  the  preceding  system.  This  confirms  the  conclusion  that  the  complex 
ion[VOR2]*“*^  is  formed  at  higher  pH  values  than  the  [VOR]^^  ion. 

III.  System  VOSO4  -  H2C4H40fi  -  HgO 

1.  In  the  spectrophotometric  investigation  of  this  system  in  0.1,  0,005  and  0,001  m  solutions  it  was 
established  that  their  original  color  changed  to  an  insignificant  extent  and  that  conspicuous  maxima  were  absent 
from  the  composition/property  curves.  This  may  be  due  to  the  formation  at  low  values  of  pH  of  only  insignificant 


amounts  of  complex  ions  of  [VOR]*"’^  with  little  influence  upon  the  color  of  the  vanadyl  salt  solution. 

‘  2.  In  a  study  of  the  system  by  the  condtictometiic  method  in  0,05  and  0.01  m  solutions  the  data  plotted  in 

Figs.  5  and  6  were  obtained;  these  sliow  that  the  w-composition  curves  contain  definite  maxima  at  a  ratio  of 

^[^VOSO^]  ~  formation  of  the  complex  [VOR]^^  ions  which  is  accompanied  by  a  rise  in  the 

electrical  conductivity  of  the  solution. 


pH  w-10'^ 


Fig.  5.  Change  of  electrical  conductivity  (w)  and  of 
pH  of  0.01  m  solution  of  the  system  VOSO4— 

~  H2C4H405~  H2O. 
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Fig.  7.  Change  of  optical  density  (D)  and  of  pH  in 
solution  of  VOSO4  and  NaHC4H40s  with  addition 
of  NaOH  from  pH  0.5  to  4.5. 

I|()  ted  light  filter,  yellow  light  filter,  III)  pH. 
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Fig.  6.  Change  of  electrical  conductivity  (w)  and  of 
pH  of  0.05  m  solution  of  the  system  VOSO4— 

~  H2C4H40g~  H2O. 


Fig.  8.  Change  of  optical  density  (D)  and  of  pH  in 
solution  of  VOSO4  and  NaHC4H405  with  addition 
of  NaOH  from  2.5  to  11.5. 

Ij^)  red  light  filter,  H^)  yellow  light  filter.  III)  pH. 


3.  The  change  in  the  pH  was  observed  at  the  same  time  as  measurement  of  the  electrical  conductivity  of 
the  solution;  the  pH  fell  markedly,  undoubtedly  reflecting  the  process  of  complex  formation,  although  the 
absence  of  a  sharp  minimum  from  the  pH  curve  does  not  permit  us  to  relate  this  drop  to  a  definite  value  of  the 
[H2Tart] 

[VOSO4] 


ratio.  It  should  be  noted  in  particular  that  in  the  course  of  complex  formation  the  pH  value  becomes 


considerably  lower  than  in  the  original  vanadyl  sulfate  solution  (Fig.  6),  falling  from  2.15  to  1.85  (the  cause 
of  this  phenomenon  will  be  considered  below). 
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On  comparing  the  data  obtained  for  this  system  by  all  three  methods,  we  can  confirm  the  previous  con¬ 
clusion  about  formation  at  low  values  of  pll  of  the  [VOR]*”’^  ion,  but  only  in  such  minute  amounts  that  they 
can  be  detected  only  by  the  conductometric  method,  the  latter  in  this  case  being  more  sensitive  than  the  spectro- 
photomctric  metluxl. 

On  the  basis  of  study  of  all  three  systems  we  reached  the  conclusion  that  two  tartrate  complexes  of  vanadyl 
ions  exist  in  solutions;  [VOR]*~^,  formed  at  ph  <  3  and  with  a  violet  color,  and  [VOR2]*^’|  observed  at  pH  >  3. 

For  the  purpose  of  precise  determination  of  the  pH  limits  for  formation  of  both  ions  and  of  their  color, 
titration  was  performed  with  sodium  hydroxide  of  a  mixture  of  solutions  of  vanadyl  sulfate  and  acid  sodium 
tartrate  taken  in  the  ratio  of  1 :  4  (to  ensure  an  excess),  and  the  optical  density  of  the  solution  was  measured  at 
the  same  time  (Figs.  7  and  8). 

A  sharp  maximum  appears  on  the  optical  desnity/NaOH  volume  curve  of  Fig.  7  at  pH  2.6,  after  which  there 
is  a  sharp  rise  of  pH.  These  phenomena  are  explained  by  the  formation  of  the  first  of  the  indicated  complexes 
[VORf^. 

In  Fig.  8  we  see  both  a  fall  in  optical  density  at  pH  2.5  and  the  presence  of  a  new  sharp  maximum  at  pH  6. 
This  maximum  must  be  related  to  the  second  of  the  complex  ions,  [VOR2f~®^,  which  likewise  has  a  deep  violet 
color  and  is  formed  at  relatively  high  values  of  pH;  previously  it  had  not  been  detected  by  the  spectrophoto- 
metric  method  due  to  its  low  concentration  in  an  acid  medium. 


The  occurrence  of  a  marked  difference  in  the  pH  values  at  which  the  complex  ions  mentioned  are  formed 
prompts  consideration  of  the  problem  of  the  composition  of  the  addends. 


Fig.  9.  Relative  content  of  H2Tart  (1),  HTart  (2)  and 
Tart*”  (3)  in  dependence  upon  the  pH  of  the  solution. 


For  this  purpose  calculation  was  made  of  the 
relative  content  of  tartaric  acid  and  its  anions  in 
solution  in  dependence  upon  the  pH  according  to  the 
following  formulas: 


^total 


'H2C4H4O6 


1  + 


Ch^ 


<-H+ 


_  ^total 

ChC4H406"=  Ch+  K2 
1  + — EL-  +  — — 
Kr 


Cc4H40r  = 


^total 


1  + 


K2  Ki-K2 


where  =  concentration  of  tartaric  acid  in  moles  per  liter.  These  results  are  shown  graphically  in  Fig.  9 

from  which  it  is  seen  that  at  pH  2.5-3,  of  the  two  anions  of  tartaric  acid,  the  solution  only  contains  HC4H40g  ; 
consequently  it  enters  into  the  composition  of  the  complex  ion  formed  under  these  conditions,  and  the  latter 
may  be  represented  by  [ VO(  HC4H406).]f’ . 

The  second  complex  ion  is  formed  at  a  pH  of  approx.  6;  in  this  case  C4H40|“  anions  predominate  in  the 
tartaric  acid  solution  (Fig.  9),  and  consequently  the  complex  can  be  represented  by  the  formula  [V0(HC4H406)]^. 

The  phenomenon  of  sharp  fall  of  the  pH  of  the  solution  observed  above  for  the  system  VOSO4— H2C4H4OS— 
—  H2O  here  finds  its  explanation.  As  we  see  from  Figs.  5  and  6,  the  pH  minimum  approximately  coincides  with 
the  maximum  of  the  electrical  conductivity  of  the  solution,  and  accordingly  it  can  be  related  to  the  complex 
formation  taking  place  according  to  the  equation: 


VOSO4+  H2C4H40s=  [V0(HC4H406)]HS04. 


Subsequent  dissociation  of  the  compound  formed 


[V0(HC4H408)]HS04  - -  [VCXHC4H408)f  +  +  SC^' 

leads  to  appearance  in  the  solution  of  H'*’  ions  and  to  a  corresponding  fall  of  pH. 

For  solution  of  the  problem  of  the  sign  of  the  charge  of  the  ions  and,  in  turn,  for  indirect  confirmation 
of  the  ideas  enunciated  about  their  composition,  use  was  made  of  electrolysis.  Into  a  U-shaped  tube  fitted  with 
taps  was  run  a  mixture  of  solutions  of  vanadyl  sulfate  and  complex-former,  the  latter  in  excess;  the  taps  were 
closed  and  the  space  above  the  mixture  was  filled  with  faintly  acidified  distilled  water;  platinum  electrodes 
were  inserted  and  a  constant  current  of  several  tens  of  milliamperes  was  passed  through.  After  a  short  period 
the  solution  near  the  cathode  became  greenish-yellow  and  a  brown  turbidity  appeared,  while  lower  down  the 
solution  acquired  a  deep,  red-violet  color.  Near  the  anode  was  observed  a  blue  color  similar  to  the  color  of 
the  vanadyl  ion.  The  turbidity  must  be  attributed  to  formation  of  vanadyl  hydroxide  with  rise  of  pH  due  to 
secondary  processes,  while  the  color  of  the  solution  in  the  cathodic  region  must  have  been  caused  by  positively 
charged  complex  ions.  The  blue  color  observed  round  the  anode  could  have  resulted  from  movement  to  the 
anode  of  negatively  charged  ions;  the  weakness  of  the  color  may  be  due  to  the  low  concentration  of  these  ions 
in  an  acidic  medium. 

Electrolysis  thus  confirms  the  presence  in  the  solution  of  two  ions  with  charges  of  opposite  signs. 

SUMMARY 

1.  The  formation  is  demonstrated  of  two  violet- colored  tartrate  complexes  of  vanadyl  ions. 

2.  The  first  has  the  composition  [VCXHC4H408)]^  and  is  formed  in  an  acid  medium  (pH  2.5-3). 

3.  The  second  ion  has  the  formula  [V0(C4H406)2]*  ;  it  is  formed  close  to  the  neutral  point  (pH  6).  It 
is  distinguished  by  high  stability  in  a  strongly  alkaline  medium  (pH  >  11). 
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INVESTIGATION  OF  AQUEOUS  SOLUTIONS  OF  DIBASIC  ORGANIC  ACIDS 


A.  A.  Glagoleva 

A  study  of  the  properties  of  monobasic  organic  acids  and  their  aqueous  solutions  showed  that  acids  in  the 
vapor  form  and  in  liquid  phases  are  associated  to  dimers  due  to  development  of  an  intermolecular  hydrogen  bond 
between  the  carboxyl  groups.  In  aqueous  solution  with  a  ratio  of  2  moles  water  to  2  moles  acetic  acid,  a  hydrate 
with  a  chain  structure  is  formed,  a  dimer  with  the  composition  2CH3COOH  •  2H2O,  while  with  a  ratio  of  2  moles 
water  per  mole  of  acid  a  hydrate  with  the  composition  CH3COOH‘  2H2O  is  formed.  Not  all  the  dimers  break 
down  on  transition  to  the  vapor  phase  [1].  ^ 

The  views  concerning  the  behavior  of  monobasic  organic  acids  (fonnic  and  acetic)  were  subsequently 
confirmed  by  other  workers  with  the  help  of  Raman  spectra  [2].  Many  papers  have  been  published  about  the 
study  of  various  organic  compounds  by  the  Raman  spectrographic  method,  and  on  their  basis  the  presence  of  an 
intramolecular  hydrogen  bond  has  often  been  established  in  organic  compounds  and  in  high-molecular  compounds 
[3]. 

The  results  of  investigations  of  the  characteristics  of  the  behavior  of  monobasic  organic  acids  also  served 
as  a  basis  for  the  study  of  aqueous  solutions  of  dibasic  acids.  We  determined  the  molecular  weight  (by  the  cryo- 
scopic  method),  the  electrical  conductivity  (specific  and  molecular),  the  pU  (glass  electrode)  and  the  surface 
tension  (o )  in  dependence  on  the  concentration  and  temperature  of  the  solution.  Solutions  were  studied  over  a 
wide  range  of  concentrations  from  extreme  dilution  to  saturation.  The  water  used  for  preparation  of  the  solutions 
of  dibasic  acids  had  a  pH  of  6.8. 

Figures  1-3  contain  curves  of  the  experimental  data  for  malonic,  succinic  and  phthalic  acids.  Dibasic 
acids  contain  two  hydrophilic  groupings  capable  of  bonding  with  molecules  of  water  and  also  of  forming  dimeric 
structures.  Dibasic  acids,  however,  do  not  associate  and  do  not  add  on  water.  In  aqueous  solutions  of  a  certain 
concentration  they  are  monomers;  with  increasing  dilution  they  dissociate  more  and  more  into  ions. 

The  lack  of  ability  to  form  dimers  and  to  add  on  water  leads  to  the  conclusion  that  the  carboxyl  groups 
of  dibasic  acids  are  joined  by  an  intramolecular  hydrogen  bond,  and  their  molecules  have  the  following  con¬ 
figurations: 


CH2^ 

>  •  HOC 

\  ^ 

OH...O 

Malonic  acid 


CH2-CH2 
/  \ 

C=  O...HOC 

\  / 

OH...O 


Succinic  acid 


Phthalic  acid 


It  is  known  that  dibasic  acids  possess  two  stages  of  association  which  are  characterized  by  two  dissociation 
constants;  the  numerical  value  of  Kj  considerably  exceeds  the  magnitude  of  K2.  It  is  also  known  that  dibasic 
acids  form  cyclic  oxides  and  have  limited  solubility.  These  features  of  dibasic  acids  provide  some  support  for 
the  hypothesis  of  the  bridged  structure  of  dibasic  acids  in  aqueous  solutions  of  appropriate  concentration. 

The  surface  tension  of  aqueous  solutions  of  monobasic  organic  acids  shows  that  these  acids  exhibit  marked 
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surface-active  properties  which  fall  off  in  the  region  of  the  aqueous  solution  in  which  liydrates  containing  one 
and  two  molecules  of  water  are  formed  [4],  It  appeared  of  interest  to  determine  the  changes  in  the  magnitude 
of  the  surface  tension  in  dependence  on  the  composition  of  the  solutions  and  on  the  nature  of  the  dibasic  organic 
acids  (malonic,  succinic  and  phthalic). 


Fig.  1,  Physico-chemical  properties  of  solutions  of  malonic  acid. 

The  surface  tension  was  studied  by  the 
method  proposed  by  P.  A.  Rebinder  and  now  ex¬ 
tensively  used.  As  we  see  from  the  curves  (Figs. 
T-3),  the  surface  tension  only  decreases  markedly 
up  to  a  certain  region  of  concentration  of  the 
aqueous  solution  and  thereafter  remains  constant 
regardless  of  the  changes  of  concentration.  The 
surface  tension  isotherms  (20  and  25*)  run  paral¬ 
lel  to  the  axis  of  the  abscissas.  This 'part  of  the 
curve  itidicates  that  the  surface  tension  and  the 
capillary  activity  reach  a  limiting  value  [5]. 

With  increase  in  the  number  of  monomen 
with  bridged  structure  the  surface  tension  rises 
and  reaches  in  this  region  of  the  solution  a  value 
higher  than  the  surface  tension  of  water.  The 
20*  isotherm  is  similar  to  the  25*  isotherm.  Water 
as  a  solvent  is,  as  it  were,  an  indifferent  medium. 
The  carboxyl  groups  of  tlie  acid  lose  their  hydro¬ 
philic  and  capillary-active  properties  [6]. 

With  the  aim  of  confirming  the  results  of  the  investigations  characterizing  the  behavior  of  dibasic  organic 
acids  in  aqueous  solution  in  dependence  on  the  concentration,  the  same  physico-chemical  methods  were  applied 
to  a  study  of  the  system  malic  acid-water.  It  seemed  of  interest  to  establish  how  the  molecular  structure  and 
properties  of  malic  acid  change  in  dependence  on  the  concentration  of  the  solution  when  three  hydrophilic 
groupings  are  involved.  It  might  have  been  expected  that  molecules  of  malic  acid  in  an  aqueous  solution  of  ap¬ 
propriate  concentration  would  also  be  bridged  by  an  intramolecular  hydrogen  bond  formed  between  the  carboxyl  * 
groups,  similarly  to  what  occurs  in  solutions  of  malonic,  succinic  and  phthalic  acids. 

Capiliary-active  properties  of  malic  acid  are  manifested  only  in  the  region  of  dilute  solution;  the  20  and 
25*  isotherms  of  surface  tension  (o  =  f(c))  are  directed  downward  ;  subsequently  the  curves  have  horizontal  ' 
portions.  In  this  region  of  acid  solution  (0.02  mole/liter-0.1  mole/liter)  o  and  r  attain  their  limiting  values. 

The  20  and  25*  isotherms  then  again  move  upward  ,  changing  into  straight  lines  that  slowly  rise  with  increasing 


Fig.  2.  Physico-chemical  properties  of  solutions  of 
succinic  acid. 
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concentration  of  solution.  The  surface  tension  increases  gradually  and  attains  values  above  the  surface  tension 
of  water  at  the  same  temperature:  020*  =  17.7  dynes/cm  and  025*  =  77.0  dynes/cm.  In  this  region  of  concentra 
tion  of  solution  the  carboxyl  groups  of  malic  acid  do  not  manifest  hydrophilic  and  capillary-active  properties; 
this  may  be  attributed  to  bridging  of  molecules  of  the  acid  by  an  intramolecular  hydrogen  bond.  The  solution 
is  nearly  saturated  in  this  region. 


Fig.  3.  Physico-chemical  properties  of  solutions  of  phthalic  acid. 


Cowvewr  ot^  OiLiO  (fno)es^ 

Fig.  4.  Physico-chemical  properties  of  solutions  of  malic  acid. 

The  structure  of  the  molecules  of  malic  acid  in  aqueous  solution  and  their  properties  are  similar  to  those 
of  malonic,  succinic  and  phthalic  acids.  In  the  region  of  aqueous  solution  containing  0.02-0.01  mole  acid  per 
liter,  the  depression  of  the  freezing  point  of  water  is  only  some  hundredths  of  a  degree.  Such  a  low  depression 
points  to  association  of  the  acid  molecules.  The  horizontal  portions  on  the  20  and  25*  surface  tension  curves  and 
the  nearly  constant  value  of  the  electrical  conductivity  in  the  same  region  of  solution  reflect  the  corresponding 
properties  of  the  molecular  structure. 
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There  are  no  grounds  for  assuming  that  in  an  aqueous  solution  of  such  low  concentration  associated  mole¬ 
cules  of  acid  can  be  formed.  It  is  only  permissible  to  assume  the  existence  in  this  region  of  solution  of  hetero¬ 
geneous  association  —  formation  of  a  water-acid  bond,  formation  of  a  monohydrate  of  low  stability  by  means 
of  an  intermolecular  hydrogen  bond  at  the  hydroxyl  group  with  a  molecule  of  water. 

The  bridged  structure  of  malic  acid  monomer  may  be  represented  in  the  following  form  (in  analogy  with 
the  structures  of  succinic  and  other  dibasic  acids); 


CH2-CHOH...OH 

/  \  H 

^OH... 


SUMMARY 

1.  It  is  established  that  dibasic  acids  (malonic,  succinic,  phthalic  and  malic)  lose  their  hydrophilic  and 
capillary-active  properties  in  a  certain  region  of  concentration  of  solution,  do  not  associate,  and  do  not  form 
hydrates. 

2.  The  investigated  dibasic  acids  only  develop  capillary-active  properties  in  dilute  solutions.  Formation 
of  bridged  monomers  of  acid  promotes  the  loss  of  capillary-active  properties. 

3.  It  is  shown  that  malic  acid  forms  a  hydrate  with  low  stability. 

4.  A  structure  of  monomers  of  dibasic  acids  in  aqueous  solution  is  proposed. 
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SYNTHESIS  OF  T  RI E  T  H  Y  LC  A  RB I N  O  L  AND  3  -  ET  H  Y  L  PE  NT  E  N  E  -  2  FROM 
ETHYLMAGNESIUM  BROMIDE  AND  CARBON  DIOXIDE 

A,  L.  Liberman,  T.  V.  Lapshina  and  B.  A.  Kazansky 

3-Ethylpentene-2  is  usually  prepared  from  triethylcarbinol,  which  is  obtained  by  the  action  of  ethyl- 
magnesium  bromide  on  diethyl  ketone  [1],  ethyl  propionate  [2]  or  diethyl  carbonate  [3].  We  reasoned,  however, 
that  triethylcarbinol  could  be  obtained  directly  from  ethylmagnesium  bromide  by  the  action  of  carbon  dioxide 
under  certain  conditions. 

N.  D.  Zelinsky  described  the  preparation  of  benzoic  acid  in  good  yield  from  iodobenzene,  magnesium  and 
carbon  dioxide  [4].  Schroeter  [5]  attempted  to  replace  iodobenzene  in  this  reaction  by  the  cheaper  bromo- 
benzene  and  found  that  the  latter  only  gave  benzoic  acid,  but  at  the  same  time  he  obtained  triphenylcarbinol 
(32%)  and  benzophenone  (11%).  Later  Meyer  and  Togel  [6]  showed  that  benzoic  acid  is  formed  in  excellent 
yield  also  from  bromobenzene  but  at  low  temperature;  at  higher  temperature  they  got  up  to  43%  triphenyl¬ 
carbinol.  On  acting  with  carbon  dioxide  on  cyclohexylmagnesium  chloride,  N.  D.  Zelinsky  observed  the  form¬ 
ation  of  tricyclohexylcarbinol.  Subsequently  he  attempted  to  exploit  his  observation  for  preparative  purposes 
and  isolated  this  carbinol,  but  in  extremely  low  yield  [7].  The  Bulgarian  investigator  D.  Ivanov  [8]  made  a 
close  study  of  the  conditions  of  preparation  of  n-valeric  acid  from  butylmagnesium  chloride,  and  he  showed 
that  whereas  at  low  temperature  (-”20*)carbon  dioxide  reacts  with  the  Grignard  reagent  to  give  80-85%  n-valeric 
acid,  at  a  higher  temperature  (36*)  the  yield  of  acid  falls;  at  the  same  time  considerable  amounts  of  dibutyl 
ketone  and  tributylcarbinol  were  found.  On  passing  0.3-0. 5  mole  CO2  into  a  solution  of  1  mole  n-butylmag- 
nesium  chloride  at— 20*  for  2  hours  and  then  boiling  the  mixture  with  stirring  for  14  hours  at  36*,  the  yield  of 
acid  is  only  8-9%,  that  of  ketone  is  7-11%,  and  that  of  carbinol  is  45-51%.  Here  we  may  note  that  Schroeter 
[5]  evidently  performed  the  reaction  mentioned  above  without  cooling:  he  points  out  that  the  temperature  rose 
during  passage  of  the  carbon  dioxide.  On  the  other  hand,  N.  D.  Zelinsky  Introduced  the  carbon  dioxide  into 
the  solution  of  cyclohexylmagnesium  chloride  under  intense  cooling;  this  may  have  been  the  cause  of  the  low 
yield  of  tricyclohexylcarbinol. 

In  order  to  understand  why  tertiary  alcohols  and  ketones  are  obtained  in  the  cases  described  above,  we 
must  recall  that  as  far  back  as  1904  Grignard  [9]  discovered  the  ability  of  salts  of  carbonic  acids  to  react  with 
organomagnesium  compounds  to  give  alcoholates  of  tertiary  alcohols.  Grignard  proposed  the  following  scheme 
for  this  reaction: 

R  OMgX 

R-C-OMgX  +  R'MgX  — ►  ,  (1) 

II  R*'^  NlMgX 


/OMgX  R 

C  +  R'MgX  — ►  R'^C-OMgX  +  CXMgX)2.  (2) 

R'^  ^OMgX  R’'^ 

The  first  step  in  this  scheme  is  the  case  of  normal  interaction  of  Grignard  reagents  with  substances  con¬ 
taining  the  carbonyl  group  and  does  not  arouse  doubts.  The  second  step,  however,  appears  improbable  to  us 
since  if  the  substitution  of  an  OMgX  group  really  takes  place,  it  remains  unexplained  why  substitution  of  the 
second  such  group  was  not  observed  with  formation  of  a  hydrocarbon  containing  a  quaternary  carbon  atom. 
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In  our  opinion  the  reaction  most  probably  goes  in  three  steps.  It  can  be  expected  that  the  compound 
RR'QOMgX^,  being  an  alcoholate  of  the  unstable  glycol  RR’C(OH)2,  is  also  unstable  and  breaks  down  on  heat¬ 
ing  with  formation  of  a  ketone  which  by  reaction  with  a  second  molecule  of  R'MgX  gives  the  alcoholate  of  the 
tertiary  alcohol.  In  this  manner  tertiary  alcohols  were  evidently  formed  in  the  previously  cited  researches. 

The  salts  of  carbonic  acid,  formed  by  the  action  of  CO^  on  Grignard  reagent,  react  further  with  RMgX  to  give 
a  glycolate  which  also  gives  a  ketone,  and  thereafter  the  alcoholate  of  the  tertiary  alcohol: 

RCOOMgX  +  RMgX  — ►  R2C(OMgX)2, 

R2C(OMgX)2  R-CO-R+ MgX2  +  MgO, 

R-CO-R+  RMgX  — ►  RjCOMgX. 

The  non- decomposed  R2C(OMgX)2  is  found  in  the  end  products  of  the  reaction  in  the  form  of  ketone. 

Being  in  need  of  considerable  amounts  of  3-ethylpentene-2,  we  decided  to  apply  the  observations  set 
forth  above  to  the  development  of  a  convenient  and  rapid  method  of  preparation  of  this  hydrocarbon.  By  carry¬ 
ing  out  9  syntheses  (6  with  2  moles,  1  with  6  moles  and  2  with  12  moles  ethyl  bromide)  we  satisfied  ourselves 
that  triethylcarbinol  and  3-ethylpentene-2  can  actually  be  obtained  by  this  route.  The  yield  of  pure  caibinol 
was  28^  (reckoned  on  the  ethyl  bromide);  in  addition  we  obtained  10%  3-ethylpentene-2,  6%  diethyl  ketone 
and  2%  propionic  acid.  Dehydration  of  triethylcarbinol  gave  26%  3-ethylpentene-2  (reckoned  on  the  original 
ethyl  bromide).  Consequently  the  total  yield  of  3-ethylpentene-2  was  36%.  The  possibility  of  slight  improve¬ 
ment  in  the  yield  of  triethylcarbinol  and  3-ethylpentene-2  is  not  excluded.  During  the  investigation  it  was 
established  that  there  is  no  need  to  heat  the  reaction  mixture  for  as  long  as  Ivanov  did:  if  CO2  absorption  is 
effected  at  10-14*  the  reaction  can  go  to  completion  fairly  quickly.  Actually,  by  working  under  such  conditions 
even  with  use  of  12  moles  ethyl  bromide,  preparation  of  the  Grignard  reagent,  absorption  of  the  latter  and 
heating  only  require  15  hours. 

Fairly  wide  variation  of  the  reaction  conditions  did  not  bring  about  an  appreciable  increase  of  yield;  in 
8  out  of  the  9  syntheses  the  yield  of  the  80-92*  fraction  (100  mm),  containing  predominantly  triethylcarbinol, 
was  34-43%. 

All  the  compounds  that  we  prepared  were  thoroughly  purified  by  various  methods;  their  constants  are 
given  below. 


(1) 

(2) 

(3) 


EXPERIMENTAL 

The  Grignard  reagent  was  prepared  in  a  three- necked  flask  fitted  with  a  powerful  stirrer  with  a  mercury 
seal,  a  reflux  condenser,  a  thermometer  with  a  long  stem  reaching  to  the  bottom  of  the  flask,  a  dropping  funnel 
and  an  inlet  tube  for  nitrogen.  The  apparatus  was  checked  for  tightness,  after  which  the  reflux  condenser  was 
connected  to  a  Tishchenko  bottle  containing  sulfuric  acid.  With  this  design  of  apparatus  it  was  easy  to  detect 
whether  air  was  sucked  into  it  during  cooling.  In  the  flask  were  put  the  required  amount  of  magnesium  plus  an 
excess  of  1-3  g  and  100  ml  absolute  ether  for  each  gram-atom  magnesium;  the  air  was  then  completely  driven 
out  by  dry  nitrogen.  Into  the  flask  was  then  quickly  run  5-10  ml  ethyl  bromide,  and  the  remaining  halide  was 
diluted  with  twice  the  amount  of  absolute  ether.  When  the  reaction  had  started  (usually  after  1-2  minutes), 
the  flask  was  immersed  in  a  freezing  mixture  of  water,  salt  and  ice,  the  stirrer  was  started  at  a  speed  ensuring 
vigorous  stirring,  and  the  bromide  was  run  in  a  fine  stream  as  quickly  as  possible  to  avoid  aspiration  of  air 
through  the  Tishchenko  bottle.  If  the  freezing  mixture  was  frequently  stirred,  the  whole  addition  could  be  ef¬ 
fected  very  quickly:  2  moles  could  be  run  in  in  10-12  minutes,  12  moles  in  55-60  minutes;  the  reaction  mix¬ 
ture  usually  heated  up  to  50-60*.  When  running-in  was  completed,  the  cooling  bath  was  removed  in  order  that 
the  temperature  of  the  mixture  should  not  fall  below  40*.  Stirring  was  then  continued  for  30-40  minutes.  When 
the  temperature  had  started  to  fall  fairly  quickly,  preparation  of  the  Grignard  reagent  was  considered  complete. 
In  one  of  the  experiments  Gilman  acidimetric  titration  [10]  showed  that  the  yield  of  Grignard  reagent  by  this 
method  was  about  95%. 

Absorption  of  carbon  dioxide  and  isolation  of  reaction  products.  The  procedure  for  bringing  carbon 
dioxide  into  reaction  with  the  Grignard  reagent  was  not  exactly  the  same  in  all  experiments.  However,  in  all 
experiments  the  Grignard  reagent  was  first  cooled  to  0-5*,  the  stirrer  was  then  stopped,  the  nitrogen  was  quickly 
purged  out  of  the  flask  with  dry  carbon  dioxide,  and  the  stirrer  was  again  started  at  maximum  speed;  the  CO2 
began  to  be  rapidly  taken  up  and  the  reaction  mixture  heated  up  spontaneously.  The  desired  temperature  was 


maintained  in  the  flask  with  the  help  of  the  cooling  bath;  here  occasional  stirring  of  the  freezing  mixture 
enabled  the  time  needed  for  absorption  of  the  carbon  dioxide  to  be  reduced.  COj  was  admitted  at  such  a 
speed  that  its  excess  was  not  discharged  through  the  Tishchenko  bottle,  and  at  the  same  time  no  air  was  sucked 
through  this  bottle.  In  Experiments  1,  2  and  3  CO2  was  admitted  directly  from  a  cylinder  and  the  amount  of 
absorbed  gas  was  not  calculated;  in  the  subsequent  experiments  the  required  volume  of  gat  was  admitted  from 
a  gas-holder.  When  the  absorption  of  the  required  amount  of  CXJj  was  ended,  the  stirrer  was  stopped,  the  carbon 
dioxide  displaced  by  dry  nitrogen,  and  the  reaction  mixture  stirred  at  the  boiling  point  of  ether  for  complete 
removal  of  the  Grignard  reagent  (until  the  Gilman  test  [11]  was  negative).  The  temperatures  of  absorption 
of  the  CO2  and  the  duration  of  the  final  stirring  are  set  forth  in  the  table. 


Experiment 

Taken  in  reaction 

Temperature 

Duration  (in  hours) 

Yield  of 

C2H5Br 
(in  moles) 

_ CO2 _ 

(in  moles)  j  (in  moles 
!  per  mole 
'  QHsBr) 

of  absorption 
of  CO2 

of  CO2 
absorp¬ 
tion 

of  final 
boiling 

triethyl¬ 

carbinol 

fraction 
(in  %) 

1 

2 

Without  limit 

1 

42-44* 

— 

- 

36 

2 

2 

Ditto 

- 

55-60 

- 

- 

30.5 

3 

2 

Ditto 

- 

59-62 

- 

- 

37.5 

4 

1.75 

0.62 

0.35 

12-14 

2.5 

5.5 

35.5 

5 

2 

0.66 

0.33 

5-12 

2.5 

3  • 

35.5 

6 

2 

0.60 

0.30 

0-15 

2.5 

10  •• 

32 

7 

6 

1.72 

0.29 

~0 

4 

10  *  • 

24.5 

8 

12 

4.00 

0.33 

0-8 

14 

2 

42.5 

9 

12 

4.00 

0.33 

10-14 

8 

3 

38.5 

•  Experiment  with  substitution  of  toluene  for  part  of  the  ether;  boiling  effect  at  70*. 

•  •  Boiling  was  prolonged  in  this  experiment  because  due  to  a  small  deficiency  of  CO2  the  residue  of  organo- 
magnesium  compound  did  not  disappear  for  a  long  time. 

A  comparison  of  the  duration  of  Experiments  8  and  9,  which  were  performed  under  identical  conditions 
except  for  the  temperature  in  the  flask  during  absorption  of  COj,  shows  that  in  order  to  carry  out  the  synthesis 
with  maximum  rapidity,  this  temperature  must  be  kept  no  lower  than  10*.  As  soon  as  the  Gilman  test  reaction 
was  negative,  the  reaction  mass  was  cooled  and  set  aside  overnight. 

In  one  experiment  (5),  aftei  CO2  absorption,  the  ether  was  replaced  by  toluene  to  raise  the  temperature 
of  final  boiling;  this  did  not,  however,  have  a  favorable  effect  and  actually  hindered  separation  of  the  ketone 
and  olefin,  which  in  this  experiment  were  discarded  with  the  toluene  fraction. 

The  next  day  the  reaction  complex  was  decomposed  by  transferring  the  reaction  mass  (usually  solidified) 
into  a  mixture  of  water  and  ice.  The  magnesium  salts  were  then  dissolved  by  addition  of  dilute  (3:  1)  sulfuric 
acid,  the  ether  layer  was  separated,  and  the  aqueous  layer  thrice  extracted  with  ether.  The  ether  layer  plus 
the  combined  ethereal  extracts  were  treated  twice  with  25%  sodium  hydroxide  solution  foi  removal  of  propionic 
acid,  and  then  washed  with  water  and  dried  over  potassium  carbonate.  The  alkaline  extracts  from  syntheses 
2-9  were  combined  and  from  them  was  isolated  68.5  g  (2.3%)  propionic  acid,  b.  p.  140.8-141.3*  (760  mm), 
ng  1,3870,  df  0.9924. 

According  to  the  most  reliable  literature  data  [12],  propionic  acid  has  the  constants:  b.p.  140.80* 

(760  mm),  n^  1.38650,  dj®  0.99336;  degree  of  purity  99.81%. 

The  ether  extracts  from  each  synthesis  were,  after  removal  of  propionic  acid,  freed  from  ether  and  dis¬ 
tilled  in  vacuum  (100  mm)  to  give  two  fractions:  fraction  A  with  b.p.  up  to  80*  and  fraction  B  with  b.p.  80-91*. 
The  latter  is  the  triethylcarbinol  fraction;  the  yields  of  fraction  B  in  the  various  syntheses  are  given  in  the 
table.  In  all  were  obtained  338.3  g  fraction  A  and  579.8  g  fraction  B.  Distillation  of  fraction  A  in  a  column 
gave  13  g  low-boiling  fraction,  271  g  fraction  boiling  at  62.2-92.4*  (760  mm)  and  later  subjected  to  chromato¬ 
graphic  resolution,  and  a  further  13.8  g  triethylcarbinol.  Thus  the  yield  of  fraction  B  was  593.6  g.  On  attempt¬ 
ing  to  distill  triethylcarbinol  in  a  column  in  vacuum  (60  mm),  dehydration  commenced  and  the  distillation 
had  to  be  stopped;  it  was  nevertheless  possible  to  obtain  85  g  of  a  fraction  containing  an  azeotropic  mixture  of 
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diethyl  ketone  and  3-ethylpentene-2,  and  36  g  pure  3-ethylpentene-2.  The  fractionation  residue  of  443.3  g 
was  nearly  pure  triethylcarbinol  [b.p.  67.5-67.6*  (40  mm),  np  1.4303]. 

A  large  portion  of  the  triethylcarbinol  was  dehydrated  for  preparation  of  3-ethylpentene-2:  a  small 
portion  was  thoroughly  purified  with  the  objective  of  accurately  determining  its  constants. 

Purification  of  triethylcarbinol  was  effected  by— 40*. 

B.p.  84.7-84.8*  (92  mm),  freezing  point  — 12.55*,  np?  1.43534,  np  1.43018,  n^  1.42811,  dj®  0.84511 
cryoscopic  constant  0.0114  mol.  fraction/1*  C,  degree  of  purity  99.8%  (by  the  freezing  curve  method). 

The  constants  of  triethylcarbinol  reported  in  the  literature  deviate  fairly  widely  from  one  another.  Thus 
the  data  for  refractive  index  are  given  as  np  1.4266  [13],  np  1.4294  [14]  and  np-1.4330  [14];  the  specific 
gravity  is  variously  reported  as  dj*  0.8407  [13]  and  dj®  0.842  [14].  The  solidifying  or  melting  point  of  triethyl¬ 
carbinol  is  not  given  in  the  literature. 

It  may  be  claimed  that  our  preparation  of  triethylcarbinol  is  the  purest  of  any  so  far  described. 

Chromatography  of  fraction  A.  Fraction  A  (270  g),  distilled  in  a  column,  and  the  mixture  of  diethyl 
ketone  and  3-ethylpentene-2  obtained  in  attempted  distillation  in  a  column  of  triethylcarbinol  ( 85  g),  were 
combined  and  subjected  to  chromatography  with  the  objective  of  separating  the  diethyl  ketone  from  the 
3-ethylpentene-2.  Into  a  column  of  normal  type  [15]  was  put  165-170  g  silica  gel  and  70  g  fraction  was  run  in. 
When  the  whole  had  been  taken  up  by  the  silica  gel,  50  ml  acetone  was  run  in  as  resolving  liquid;  water 
served  as  the  displacing  liquid.  After  the  first  2-3  ml  with  refractive  index  higher  than  that  of  3-ethylpentene- 
2,  this  hydrocarbon  came  off  in  the  pure  state  (np  1.4149,  dj®  0.7212);  in  all  132  g  hydrocarbon  was  collected 
(10.3%  reckoned  on  the  ethyl  bromide).  When  the  refractive  index  started  to  fall,  the  transition  fraction  was 
collected  prior  to  the  appearance  of  pure  acetone;  pure  acetone  was  next  collected,  followed  by  a  mixture  of 
acetone  and  diethyl  ketone;  the  transition  fraction  was  subjected  to  a  second  resolution  by  the  same  method. 
The  mixture  of  acetone  and  diethyl  ketone  was  distilled  in  a  column  with  an  efficiency  of  35  theoretical 
plates  since  very  pure  diethyl  ketone  was  required  for  another  synthesis.  In  this  way  108.7  g  diethyl  ketone 
was  obtained  (6.4%  reckoned  on  the  ethyl  bromide).  It  had  the  following  properties: 

B.p.  1021*  (760  mm),  freezing  point -39.1*.  nj?  1.39721,  nf5  1.39227,  n^  1.39034,  dj®  0.81430,  cryo¬ 
scopic  constant  0.0149  mol.  fraction/1*  C,  degree  of  purity  99.5%. 

The  most  reliable  literature  data  ate  those  of  Dreisbach  and  Martin  [12]:  b.p.  101.70*  (760  mm), 
freezing  point —  39.50*,  np  1.39240,  dj®  0.81440,  degree  of  punty  99.6%. 

Comparison  of  the  freezing  points  of  the  two  specimens  leads  us  to  think  that  the  American  authors 
slightly  overrated  the  purity  of  their  specimen;  judging  by  the  cryoscopic  constant  found  by  us,  its  purity  is 
99.0%. 

Preparation  of  3-ethylpentene-2.  Triethylcarbinol  (428  g)  was  charged  into  a  column  packed  with 
single-spiral  glass  rings,  efficiency  about  20  theoretical  plates,  and  distilled  in  vacuum  (113  mm).  The  hydro¬ 
carbon,  formed  by  dehydration,  came  over  at  about  40*  in  the  form  of  an  azeotropic  mixture  with  water.  In 
this  manner  351.5  g  unpurified  3-ethylpentene-2  (97.2%  reckoned  on  the  triethylcarbinol)  was  collected. 
Together  with  the  amount  obtained  in  the  previous  attempt  to  distil  triethylcarbinol,  this  makes  a  total  yield  of 
387.6  g  hydrocarbon  by  dehydration.  The  hydrocarbon  (387.0  g)  was  distilled  in  a  copper-packed  column  with 
an  efficiency  of  80  theoretical  plates.  This  fractionation  gave  285.7  g  3-ethylpentene-2  with  the  correct 
boiling  point  and  66.8  g  rather  less  pure  hydrocarbon;  the  residue  (mixture  of  3-ethylpentene-2  and  triethyl¬ 
carbinol)  amounted  to  30.3  g.  Dehydration  gave,  in  all,  352.5  g  3-ethylpentene-2,  i.e.  a  yield  of  26.2% 
reckoned  on  the  ethyl  bromide.  A  total  of  484.5  g  (36.5%)  of  this  olefin  was  thus  isolated  at  various  stages  of 
the  investigation.  Pure  3-ethylpentene-2  had  the  constants; 

B.p.  96.2*  (760  mm),  rfp  1.42128,  nJJ  1.41488,  n^  1.41238,  d|®  0.72053. 

According  to  the  most  reliable  literature  data  [16]  3-ethylpentene-2  has  the  constants:  b.p.  96.01* 

(766  mm),  nJJ  1.4148,  d^®  0.7204. 

SUMMARY 

1.  It  is  shown  that  reaction  of  carbon  dioxide  with  ethylmagnesium  bromide  under  certain  conditions 
gives  triethylcarbinol  from  which  3-ethylpentene-2  can  be  prepared. 
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2.  A  preparation  of  triethylcarbinol  purer  than  the  preparations  described  in  the  literature  has  been 
obtained  and  its  constants  determined. 
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CONJUGATED  SYSTEMS 

LIX.  CONDENSATION  OF  y-VINYLPYRIDINE  WITH  DIENE  HYDROCARBONS 
A.  A.  Petrov  and  V.  Lyudvig 


Several  papers  have  already  been  published  on  the  condensation  of  a -vinylpyridine  with  diene  hydro¬ 
carbons  [1-4],  One  of  these  [4]  is  by  the  present  authors.  These  studies  established  that  a -vinylpyridine  re- 
sembes  acrylonitrile  in  reactivity.  Products  of  the  diene  synthesis  with  participation  of  a -vinylpyridine  — 
a-cyclohexenylpyridine  and  its  homologs  —  have  been  used  for  preparation  of  other  substituted  pyridines,  few 
example  arylpyridines. 


TABLE  1 


Substance 

> 

Boiling 

- 

04 

"d  . 

MR 

Melting 

point  at 

Found 

Calcu- 

point  of 

20  mm 

lated 

pi crate 

N  ^ 

125® 

1.0150 

1.5444 

49.55 

50.67 

114® 

<ZX3 

140—141 

1.0211 

1.5472 

49.46 

50.67 

153 

CH, 

1  1 
A. 

U 

132-133 

0.9958 

1.5374 

54.37 

55.29 

110—111 

CH, 

144-145 

1.0020 

1.5394 

54.19 

55.29 

141 

141—141.5 

0.9956 

1.5382 

54.45 

55.29 

107—108 

V\ 

151.5—152 

1.0032 

1.5420 

54.35 

55.29 

124 

/CH, 

154 

0.9937 

1.5410 

59.22 

59.91 

101, 

106—107 

/CH, 

n/  >-<  5~^h. 

167—168 

0.9984 

1.5420 

59.05 

59.91 

143—144 

/  Nch 

\  /  \ 

v> 

133—134 

1.0621 

1.5578 

51.95 

53.09 

142-143 

N 

<  >-C^> 

146—148 

1.0665 

1.5590 

51.84 

53.09 

140 
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Only  one  communication  has  appeared  on  the  susceptibility  to  condensation  of  6-vinylpyridine,  and  this 
showed  that  heating  of  0 -vinylpyridine  with  butadiene  for  40  hours  at  125*  gave  6 -cyclohexenylpyridine  in  a 
yield  of  33%  [3]. 

The  condensation  of  y -vinylpyridine  with  diene  hydrocarbons  has  not  previously  been  described. 

We  investigated  the  reaction  of  y -vinylpyridine  with  butadiene,  piperylene,  isoprene,  diisopropenyl  and 
cyclopentadiene.  In  all  cases  normal  products  were  obtained  in  a  yield  of  about  5C%.  These  are  colorless 
liquids  with  a  characteristic  odor  which  is  pleasanter  than  that  of  the  isomers  of  the  a-series.  In  Table  1  are 
compared  the  constants  of  the  compounds  prepared  from  a-  and  y-vinylpyridines,  from  which  we  see  that  the 
isomers  of  the  y -series  have  higher  boiling  points,  specific  gravities  and  refractive  indices.  The  molecular 
refractions  found  for  the  y-cyclohexenylpyridines  are,  as  in  the  case  of  the  a-series,  lower  than  the  calcu¬ 
lated  values. 

Crystalline  picrates  of  all  the  condensation  products  were  prepared.  Their  melting  points  are  given  in 
Table  1.  All  the  substances,  apart  from  that  prepared  from  cyclopentadiene,  were  also  subjected  to  dehydro¬ 
genation  over  palladium.  The  resultant  arylpyridines  were  isolated  in  the  form  of  picrates. 

Several  other  reactions  of  these  compounds  were  studied,  starting  from  y -cyclohexenylpyridine. 

Oxidation  of  y- cyclohexenylpyridine  with  potassium  permanganate  gave  isonicotinic  acid.  Treatment 
of  its  chloroform  solution  with  bromine  gave  a  crystalline  dibromide.  Under  similar  conditions  a -cyclo¬ 
hexenylpyridine  gives  the  hydrobromide  of  an  unsaturated  monobromo  compound  [4].  Consequently  the  bromine 
atoms  in  the  dibromide  of  y -cyclohexenylpyridine  are  more  stable.  Heating  of  y- cyclohexenylpyridine  with 
methyl  iodide  gave  the  crystalline  methoiodide. 

EXPERIMENTAL 

y -Vinylpyridine  was  prepared  from  y-hydroxyethylpyridine  by  distillation  with  a  small  quantity  of  KOH. 
y-Hydroxyethylpyridine  was  prepared  by  prolonged  boiling  at  normal  pressure  of  a  mixture  of  0-  and  y-pico- 
lines  with  formaldehyde.  The  substance  taken  for  condensation  had  b.p.  67-70*  (18  mm),  nJJ  1.5478. 

According  to  the  literature  y -vinylpyridine  has  b.p.  64-67*  (15-16  mm),  np  1.5452  [5]. 

Condensation  of  y -vinylpyridine  with  butadiene.  10  g  y  -vinylpyridine,  12  ml  butadiene,  and  50  ml 
xylene  were  heated  in  sealed  glass  tubes  at  170*  for  10  hours.  Fractionation  of  the  reaction  product  in  vacuum 
gave  7  g  (44%)  y-cyclohexene-3-yl-pyridine. 

Found  %:  C  83.32;  H  8.36;  N  8.93.  CnHijN.  Calculated  %:  C  82.93;  H  8.23;  N  8.80. 

The  picrate  of  the  compound  was  prepared  under  the  usual  conditions.  It  was  recrystallized  from  water. 

Found  %;  N  14.51.  C17H15O7N4.  Calculated  %:  N  14.43. 

The  methiodide  was  prepared  by  heating  the  compound  with  a  small  excess  of  methyl  iodide  at  100* 
in  a  sealed  tube  for  2  hours;  m.p.  85*  (from  alcohol). 

Found  %.  N4.58.  CjjHijNI.  Calculated  %:  N  4.65. 

Oxidation  of  the  condensation  product  with  potassium  permanganate  under  previously  described  conditions 
[4]  gave  isonicotinic  acid.  It  was  identified  by  a  mixed  melting  test. 

Bromination  of  the  condensation  product  in  chloroform  gave  a  dibromide  insoluble  in  water  and  soluble 
in  organic  liquids  with  m.p.  80.5-81*  (from  isopropyl  alcohol  +  wate»).  It  does  not  contain  ionic  bromine. 

Found  %:  C  41.52;  H  4.36;  N  4.65;  Br  50.45.  CnHjjNBrz.  Calculated  %:  C  41.47;  H  4.11;  N  4.39; 

Br  50.09. 


0.2  g  of  y- cyclohexenylpyridine,  0.45  g  maleic  anhydride,  0.3  g  palladium  reduced  with  hydrazine 
and  10  ml  HjO  were  refluxed  5  hours.  The  reaction  product  —  y-phenylpyridine—  was  isolated  as  the  picrate 
with  m.p.  196-197* (from  alcohol). 

Af-cording  to  the  literature  the  picrate  of  y-phenylpyridine  has  rn.p.  197.5*  [6]. 

Found  %:  N  14.85.  C„Hi207N4.  Calculated  %:  N  14.58. 

The  experimental  data  for  the  condensation  of  y -vinylpyridine  with  other  diene  hydrocarbons  are  given 
in  Table  2. 


TABLE  2 


Product  of  condensation 

Yield 
(in  %) 

Found  (%) 

Calculated  (%) 

Nitrogen  in  picrate 
(in  ®/o) 

C 

H 

N 

C 

H 

found 

calculated 

With  piperylene 

58 

83.40 

9.00 

7.95 

83.19 

8.73 

8.08 

13.90 

13.93 

With  isoprene 

56 

83.06 

8.81 

8.28 

83.19 

8.73 

8.08 

14.15 

13.93 

With  diisopropenyl 

50 

83.48 

9.21 

7.62 

83.35 

9.15 

7.48 

13.46 

13.46 

With  cyclopentadiene 

45 

84.02 

7.67 

8.11 

84.17 

7.65 

8.18 

14.16 

14.00 

The  picrate  of  y-(3,4-dimethylphenyl)-pyridine  (prepared  from  diisopropenyl)  melted  at  184-186*. 
Found  N  13.96.  CigHi407N4.  Calculated  N  14.07. 


SUMMARY 

1.  The  condensation  was  investigated  of  y-vinylpyridine  with  butadiene,  piperylene,  isoprene,  diiso¬ 
propenyl  and  cyclopentadiene;  in  all  cases  the  normal  products  of  homocyclization  were  formed. 

2.  Crystalline  picrates  were  prepared  from  all  the  condensation  products. 

3.  Reactions  of  y -cyclohexenylpyridine  were  used  to  illustrate  the  behavior  of  the  condensation  pro¬ 
ducts  toward  oxidizing  agents,  dehydrogenation  catalysis,  bromine  in  chloroform,  and  methyl  iodide. 

Oxidation  of  y-cyclohexenylpyridine  gave  isonicotinic  acid.  Dehydrogenation  over  palladium  gave  y -phenyl- 
pyridine.  Bromine  gave  the  normal  dibromide.  Heating  with  methyl  iodide  led  to  formation  of  a  crystalline 
methoiodide. 
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THE  SYNTHESIS  OF  NEROL  AND  GERANIOL 


G.  I.  Sa  m  okh  va  lov ,  M.  A.  Miropolskaya  and  N.  A.  Preobrazhensky 


In  the  complete  synthesis  of  the  terpene  alcohols  nerol  and  geraniol  (III)  described  by  us  [1],  the  inter¬ 
mediate  stage  is  the  dehydration  of  the  ester  of  0  jhydroxy-a,S-dihydrogeranic  acid  (I)  (R=  H): 


CH, 


CH, 


CH, 


CH, 


CH5-C=  CHCHzCHjC-CHjCOOCH,  — >■  CH5-C=  CHCH2CH2C=  CHCOOCHj  — ► 
OR 

(I)  (11) 

CH,  CH,  CH,  CH, 

II  II 

— »■  CHj-C=  CHCH2CH2C=  CH-CH2OH  CH3-C=  CHCH2CH2C=  chcho. 

(Ill)  (IV) 


It  is  of  interest  to  determine  the  structure  of  the  products  of  dehydration,  likewise  the  ratio  of  the  steieo- 
isomeric  esters  of  geranic  acid  (II)  formed  in  this  process  and  of  the  alcohols  (III)  obtained  by  their  reduction 
with  lithium  aluminum  hydride. 

Condensation  of  methylheptenone  with  methyl  bromoacetate  [2]  proceeds  very  vigorously  under  the 
action  of  activated  zinc,  and  distillation  of  the  reaction  product  gives  the  hydroxy  ester  (I,  R  =  H)  in  a  yield 
of  75-80%. 

It  is  known  that  removal  of  water  with  the  help  of  phosphorus  tribromide  in  presence  of  pyridine  gives 
a  mixture  of  isomeric  unsaturated  acids  [3].  On  the  other  hand,  the  compound  obtained  by  thermal  decompo¬ 
sition  of  the  acetyl  derivative  of  the  hydroxy  ester  (I,  R=  COCH3)  and  subsequent  saponification  more  closely 
resembles  the  acid  obtained  by  oxidation  of  citral  (IV)  [3].  The  difference  between  the  acids  obtained  by 
different  methods  of  dehydration  is  manifested  most  conspicuously  when  they  are  cyclized  under  the  action  of 
sulfuric  acid  solution  in  concentrated  formic  acid.  Among  the  products  of  this  reaction  are  a-  and  0-cyclo- 
geranic  acids  (V,  VI)  and  allocyclogeranic  acid  (VII)  which  has  properties  markedly  different  from  those  of 
V  and  VI.  Allocyclogeranic  acid  (VII)  is  the  predominating  substance  formed  on  cyclization  of  the  product  of 
dehydration  of  the  hydroxy  ester  with  phosphorus  tribromide.  It  has  been  assumed  [3,  4]  that  in  the  process 
of  dehydration,  apart  from  esters  of  geranic  acid  (II),  its  isomeric  0,  y -unsaturated  esters  (VIII,  IX)  can  be 
formed,  cyclization  of  which  is  also  the  cause  of  formation  of  allocyclogeranic  acid  (VII): 


CH,  CHi 


P'COOH 
W' 

(IX) 


In  this  investigation  we  realized  the  cleavage  of  water  from  the  esters  of  0 -hydroxy- a, 0-dihydrogeranic 
acid  by  two  methods:  thermal  decomposition  of  the  acetate  of  the  methyl  ester  (I,  R=  COCHs)  and  substitutive 


53 


halogenation  and  removal  of  hydrogen  halide  with  pitosphorns  oxychloride  in  presence  of  pyridine.  The  esters 
obtained  in  both  cases  were  reduced  with  lithium  aluminum  hydride  to  aliphatic  alcohols  under  conditions 
which  left  the  double  bond  in  the  a, 6 -position  intact  [5],  A  mixture  of  carbinols  was  isolated  with  the  very 
pleasant  odor  characteristic  of  nerol  and  geraniol. 

The  alcohols  were  subjected  to  oxidation  with  activated  manganese  dioxide  in  ligroine  [6].  As  we  know, 
this  reaction  is  verv  specific  since  under  the  chosen  conditions  only  a, 6 -unsaturated  alcohols  are  oxidized. 

In  both  cases  the  mixtures  of  aliphatic  terpene  alcohols  synthesized  by  us  are,  just  like  natural  geraniol, 
smoothly  oxidized  to  citral,  from  which  the  crystalline  semicarbazone  was  obtained  in  all  cases.  We  observed 
oxidation  of  the  original  alcohol  (disappearance  of  the  positive  reaction  in  the  Tserevitinov  test  for  the  hydroxyl 
group)  independently  of  which  the  dehydrating  agent  was  employed  for  preparation  of  the  esters  of  geranic 
acid.  Consequently,  both  methods  lead  predominantly  to  the  esters  of  the  a,6 -unsaturated  geranic  acid. 

When  the  mixture  of  alcohols  obtained  by  reduction  with  lithium  aluminum  hydride  of  the  products  of 
thermal  decomposition  of  the  acetyl  derivative  (I,  R  =  COCHj)  is  treated  with  anhydrous  calcium  chloride  (with 
geraniol  solid  addition  products  are  formed),  not  less  than  85%  of  the  original  alcohol  remains  uncombined; 
this  points  to  preponderance  of  nerol  in  the  mixture.  Evidence  of  the  presence  of  both  of  the  stereoisomeric 
forms  in  the  original  alcohol  is  the  unsharp  melting  point  of  the  semicarbazone  of  the  citral  obtained  when  the 
alcohol  is  oxidized.  Numerous  recrystallizations  lead,  as  in  the  case  of  natural  citral,  to  isolation  of  two 
individual  isomeric  semicarbazones.  Resolution  of  the  semicarbazones  of  the  citral  that  we  synthesized  was 
realized  by  chromatography  on  alumina  with  elution  by  chlorofomi.  The  semicarbazone  of  neral  with  m.p. 
169-170*  and  that  of  geraniol  with  m.p.  161-162*  were  isolated  in  the  ratio  of  3.5:  1,  demonstrating  the  pre¬ 
dominance  of  neral  in  the  mixture  of  aldehydes  obtained.  Comparison  of  the  infrared  transmission  spectrum  of 
natural  geraniol  (containing  a  trace  of  nerol)  with  that  of  the  alcohol  synthesized  by  us  (nerol  contaminated 
with  geraniol)  (see  diagram)  shows  the  identity  of  all  the  characteristic  bands,  in  agreement  with  the  general 
features  of  the  chemical  structure  of  these  compounds. 


EXPERIMENTAL 

Methyl  ester  of  B  -  h  y  d  rox  y  -  a  ,  fl  -  d  i  hy  drog  era  ni  c  acid  (1,  R  =  H) 

A  solution  of  12.7  g  methylheptenone  and  17.6  g  methyl  bromoacetate  in  80  ml  anhydrous  benzene  was 
added  gradually  to  9.0  g  activated  zinc  catalyst  kept  under  a  layer  of  20  ml  anhydrous  benzene  heated  to  the 
boil.  In  2-3  minutes  after  the  start  of  the  addition,  an  exothermic  reaction  commenced,  due  to  which  the  boil¬ 
ing  continued.  After  all  the  solution  had  been  added,  heating  was  continued  for  20-30  rtfinutes;  the  mass  was 
then  cooled  and  50  ml  10%  acetic  acid  solution  was  added.  The  benzene  layer  was  separated,  washed  with 
saturated  sodium  bicarbonate  solution  and  dried  with  sodium  sulfate.  After  driving  off  the  benzene,  the  residue 
was  distilled  in  vacuum  (3  mm)  to  give  two  fractions:  b.p.  55-85’  and  108-115*.  Redistillation  of  the  second 
fraction  gave  the  methyl  ester  of  6 -hydroxy-a,6 -dihydrogeranic  acid  (I,  R=  H)  in  the  form  of  a  colorless  mobile 
liquid.  Yield  15-15.6  g  (75-78%). 

B.p.  108-110* (3  mm),  df  0.9744,  ng  1.4568,  MRp  55.88.  CnHziOjr.  Calc.  55.71. 

Found  %:  active  hydrogen  0.494.  Calculated  %:  active  hydrogen  0.500. 


Methyl  ester  of  B  -  a  c  e  t  ox  y  -  a  ,  S  -  dihy  drogera  ni  c  acid  (I,  R  =  COCHg) 

A  solution  of  15.2  g  of  the  ester  of  6-hydroxy-a,6-dihydrogeranic  acid  (I,  R=  H)  in  278  g  of  acetic 
anhydride  was  heated  at  the  boiling  point  for  6  hours.  After  cooling,  the  reaction  mass  was  poured  into  250  ml 
of  water  and  extracted  with  ether.  The  ethereal  solution  was  washed  with  saturated  sodium  bicarbonate  solution 
and  dried  with  sodium  sulfate.  After  driving  off  the  ether,  the  residue  was  vacuum  distilled  and  the  methyl 
ester  of  6-acetoxy-a,6-dihydrogeranic  acid  was  obtained.  Yield  15.8-16.2  g  (86-88^). 

B.p.  118-120*  (6  mm),  df  0.9938,  n”  1.4508,  MRp  65.36.  Ci2H2204(=.  Calc.  64.96. 

Reaction  for  the  hydioxyl  group  (Tserevitinov)  negative. 

Methyl  ester  of  geranic  acid  (II) 

A  mixture  of  16.0  g  of  the  methyl  ester  of  the  acetate  of  l5-hydroxy-a,fl-dihydrogeranic  acid  (I,  R  = 

=  C(X;H3)  and  0.1  g  anhydrous  potassium  acetate  was  slowly  heated  at  a  rate  such  that  the  vapor  temperature 
did  not  exceed  185*.  4  ml  acetic  acid  was  distilled  off,  after  which  the  heating  was  stopped  and  the  residue 
was  cooled  and  dissolved  in  ethei.  The  ethereal  solution  was  washed  with  water  and  then  with  saturated  sodium 
bicarbonate  solution  and  dried  with  sodium  sulfate.'  The  ether  was  driven  off,  and  after  distillation  in  vacuum 
the  methyl  ester  of  geranic  acid  wa'  obtained  in  the  form  of  a  colorless  mobile  liquid.  B.p.  93-95*  (5  mm). 

Yield  8.5-8.7  g  (70-72%). 

Reduction  of  the  methyl  ester  of  geranic  acid  with  lithium  aluminum  hydride.  A  solution  of  8.5  g  methyl 
ester  of  geranic  acid  in  20  ml  anhydrous  ether  was  added  dropwise  with  stirring  to  a  suspension  of  lithium 
aluminum  hydride  (2.3  g  of  hydride  of  90%  purity  in  100  ml  ether)  at  a  temperature  of  — 50  to  — 60*.  The  temper^ 
ature  was  gradually  raised  to  — 30*  and  the  mass  stirred  for  1  hour,  after  which  10  ml  ethyl  acetate  and  20  ml 
saturated  ammonium  chloride  solution  were  run  in.  The  ether  layer  was  separated,  the  aqueous  layer  extracted 
with  ether,  and  the  ether  extracts  washed  with  water  and  dried  with  sodium  sulfate.  After  the  ether  had  been 
driven  off,  the  residue  was  distilled  in  vacuum.  A  mixture  of  the  alcohols  nerol  and  geraniol  was  obtained  in  the 
form  of  a  colorless  liquid  with  a  characteristic  pleasant  odor.  Yield  6. 3-6. 5  g  (87.5-90%). 

B.p.  104-105*  (6  mm),  df  0.8862,  n“  1.4741,  MR^  49.98.  CioHi8  0|=2.  Calc.  48.85. 

Found  %:  active  hydrogen  0.642  Calculated  %:  active  hydrogen  0.649. 

Preparation  of  citral  (IV) 

Preparation  of  active  manganese  dioxide.  To  a  solution  of  48  g  potassium  permanganate  in  300  ml  water, 
heated  to  60-70*,  was  added  with  stirring,  simultaneously  from  two  dropping  funnels,  34  g  potassium  hydroxide 
in  50  ml  water  and  45.5  g  manganese  sulfate  in  40  ml  water.  Stirring  was  then  continued  with  continuous  cool¬ 
ing  for  2  hours.  The  manganese  dioxide  was  filtered  through  fabric,  washed  with  distilled  water  until  neutial, 
and  dried  at  first  in  vacuum  (20-30  mm)  at  90-95*  for  4  hours  and  then  in  a  vacuum-desiccator  over  caustic 
alkali.  Manganese  dioxide  was  obtained  in  the  form  of  a  light-brown  powder. 

Oxidation.  To  a  solution  of  2.0  ml  of  the  mixture  of  alcohols  in  100  ml  ligroine  (b.p.  80-100*)  was  added 
20  g  manganese  dioxide  and  the  mixture  shaken  for  3  hours.  The  manganese  dioxide  was  then  filtered  off  and 
washed  several  times  with  ligroine  on  the  filter.  The  ligroine  was  then  driven  off  and  the  residue  distilled  in 
vacuum  to  give  citral  in  the  form  of  a  faint-yellowish  liquid  with  a  characteristic  odor.  B.p.  96-97*  (  6  mm), 
ng  1.4842.  Yield  1.75-1.8  g  (89-91%). 

Citral  semicarbazone.  A  solution  of  0.5  g  semicarbazide  hydrochloride  in  1.2  ml  water  was  stirred  with 
a  solution  of  0.4  g  potassium  acetate  in  0.8  ml  alcohol  and  run  into  a  solution  of  0.6  g  citral  in  1.2  ml  alcohol. 
Crystallization  commenced  immediately  on  rubbing.  After  standing  overnight  in  a  refrigerator,  the  precipitate 
was  filtered.  Citral  semicarbazone  was  obtained  in  the  form  of  slightly  yellowish  crystals,  m.p.  130-135*. 

Found  %:  N  19.91.  CnHijONj.  Calculated  %:  N  20.09. 

500  mg  of  the  semicarbazone  was  dissolved  in  5  ml  anhydrous  chloroform  and  put  into  a  column  with  25  g 
alumina  (Brockmann  activity  II);  elution  was  effected  with  chloroform,  the  movement  of  the  substances  in  the 
column  being  observed  from  the  fluorescence  when  illuminated  with  a  mercury  quartz  lamp.  The  lower,  mosf 
intense  band  wa*  washed  out  completely  after  passage  of  300  ml  chloroform.  A  second  band,  considerably 
smaller,  was  washed  out  with  the  next  400  ml  chloroform.  After  the  chloroform  had  been  distilled  off,  the  dry 
residue  was  dissolved  in  hot  methanol  and  filtered.  After  cooling, the  crystals  were  filtered  off.  Neral 
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setnicarbazone  was  obtained  from  the  first  eluate.  M.p.  169-170*.  Yield  230  mg.  Similar  working  up  of  the 
second  eluate  gave  a  small  (65  mg)  amount  of  geraniol  semicarbazone.  M.p.  161-162*. 

Methyl  geranate  (II).  Dehydration  with  phosphorus  oxychloride  in  pyridine 

A  mixture  of  6.5  ml  phosphorus  oxychloride,  30  ml  benzene  and  30  ml  pyridine  was  heated  to  the  boil; 
addition  was  then  made,  with  stirring,  of  a  solution  of  13.0  g  of  the  hydroxy  ester  in  30  ml  benzene;  heating 
was  carried  out  for  40-45  minutes;  the  mass  was  then  cooled  and  poured  on  to  ice,  and  the  benzene  layer  was 
collected,  washed  with  5%  sulfuric  acid  solution,  with  water  and  with  bicarbonate  solution  before  drying  with 
sodium  sulfate.  After  removal  of  the  benzene,  the  residue  was  distilled  in  vacuum  to  give  methyl  geranate. 

B.p.  90-92*  at  3  mm.  Yield  6.8  g  (58%  reckoned  on  the  methylheptenone). 

A  test  for  active  hydrogen  (Tserevitinov)  was  negative. 

Reduction  with  lithium  aluminum  hydride.  3.6  g  of  the  methyl  ester  of  the  dehydrated  acid  was  run  into 
a  suspension  of  0.9  g  lithium  aluminum  hydride  (90%)  in  75  ml  dry  ether  under  the  above-described  conditions. 
The  alcohol  was  obtained  with  b.p.  97-98*  at  3  mm.  Yield  2.7  g  (89.0%). 

Found  %:  active  hydrogen  0.637.  CioHijO.  Calculated  %:  active  hydrogen  0.649. 

Oxidation  with  manganese  dioxide.  1  g  of  the  mixture  of  alcohols  was  oxidized  under  the  above - 
described  conditions  with  10  g  manganese  dioxide  in  50  ml  ligroine.  The  solvent  was  removed  and  the  residue 
was  vacuum-distilled.  B.p.  92-93*  at  4  mm.  Yield  of  citral  0.8  g  (81%). 

Test  for  active  hydrogen  (Tserevitinov)  was  negative. 

SUMMARY 

1.  Condensation  of  methylheptenone  with  esters  of  bromoacetic  acid  followed  by  dehydration  of  the 
intermediate  hydroxy  ester  by  pyrolysis  of  the  acetyl  derivative  or  by  the  method  of  substitutive  halogenation 
and  removal  of  hydrogen  halide  gives  esters  of  geranic  acid. 

2.  Carbinols  were  synthesized  from  the  esters,  obtained  by  pyrolysis,  by  reduction  of  the  carbalkoxyl 
group  to  the  alcohol  group  ;  these  carbinols  correspond,  according  to  the  spatial  arrangement  of  the  substituents 
at  the  double  bond,  to  nerol  and  geraniol. 

3.  Oxidation  of  the  carbinols  with  activated  manganese  dioxide  gave  aldehydes  which  were  identical 
with  neral  and  geranial.  Resolution  of  the  semicarbazones  indicates  the  predominance  of  neral  in  the  mixture 
of  aldehydes. 
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CONFIGURATION  AND  PROPERTIES  OF  UNSATURATED  ACIDS  AND  THEIR 

DERIVATIVES 

IV,  OXIDATION  OF  OCTADECENOIC  ACIDS  AND  THEIR  ESTERS  BY  BENZOYL  HYDROPEROXIDE 


A.  K.  PlisQV  and  N,  S.  Skornyakova 


This  Investigation  was  undertaken  in  order  to  determine  the  reactivity  of  the  geometrically  isomeric 
octadecenoic  acids  and  of  their  esters.  One  of  us  has  already  shown  to  what  extent  the  degree  of  reactivity  of 
these  compounds  was  associated  with  their  steric  configuration  in  the  cases  of  hydrogenation,  hydrolysis  and 
oxidation  with  potassium  permanganate  [1,  2], 

The  results  obtained  confirmed  the  theory  of  one  of  us  to  the  effect  that  the  reactivity  of  unsaturated 
acids  and  of  their  derivatives  must  depend  on  their  steric  configuration.  This  was  established  by  A.  K.  Plisov 
and  E.  G,  Maleeva  in  a  study  of  the  oxidation  of  oleic  and  elaidic  acids  and  their  esters  with  an  aqueous 
solution  of  potassium  permanganate  at  the  acid/oxidizing  solution  interface  [3],  These  investigations  established 
that  oxidation  with  potassium  permanganate  goes  at  different  speeds  in  the  cases  of  oleic  and  elaidic  acids, 
and  the  introduction  of  an  alcoholic  radical  with  formation  of  an  ester  grouping  lowers  the  reactivity.  Employ¬ 
ment  of  potassium  permanganate,  however,  is  inconvenient  because  oxidation  takes  place  in  several  stages  and 
continues  up  to  rupture  of  the  double  bond;  at  the  same  time  Mn02  separates  out  and  interferes  with  the  study 
of  the  reaction  course.  These  and  other  circumstances  induced  us  to  employ  benzoyl  hydroperoxide  as  the 
oxidizing  agent  in  acetone  solution. 

The  possibility  of  using  organic  per  acids  for  preparation  of  oxygen  compounds  from  unsaturated  sub¬ 
stances  was  discovered  and  exhaustively  studied  by  the  Russian  chemist,  N,  A.  Prilezhaev  [4,  5]. 

We  carried  out  oxidation  in  acetone  solution  because  in  this  solution  the  reaction  goes  with  measurable 
velocity  and  a  solution  of  benzoyl  hydroperoxide  in  pure  acetone  has  adequate  stability  during  the  oxidation 
period. 

Here  we  present  data  for  the  oxidation  of  the  geometrically  isomeric  octadecenoic  acids;  oleic  (cis- 
form),  elaidic  (trans-form),  petroselenic  (cis-form),  petroselaidic  (trans-form),  and  their  esters  (Table  1). 

The  naphthyl  esters  described  here  had  not  previously  been  prepared. 

The  results  of  oxidation  confirmed  the  theory,  proposed  on  the  basis  of  the  concept  of  steric  hindrance, 
of  the  varying  reactivity  of  geometrically  isomeric  unsaturated  acids  and  their  esters. 

In  all  the  cases  of  oxidation  that  we  studied,  the  cis-forms  were  more  active  than  the  isomeric  trans¬ 
forms.  In  addition  it  was  established  that  the  esters  of  the  acids  ate  considerably  less  active  than  the  acids 
themselves.  The  size  of  the  alcoholic  radical  is  evidently  here  a  determining  factor. 

EXPERIMENTAL 

The  oleic  acid  which  we  oxidized  and  which  was  also  used  for  the  preparation  of  elaidic  acid  esters 
was  obtained  from  commercial  oleic  acid  by  suitable  purification.  Isomerization  of  oleic  acid  to  elaidic  acid 
was  effected  by  heating  at  210*  with  selenium. 

Petroselinic  acid  was  isolated  from  coriander  oil  and  converted  into  petroselaidic  acid  by  heating  at  210* 
with  selenium.  The  methyl  esters  were  prepared  by  esterification  in  presence  of  H2SO4. 


57 


We  used  two  methods  for  preparation  of  the  0 -naphthyl  esters;  reaction  of  potassium  0 -naphtholate  with 
acid  chlorides  and  reaction  of  0-naphthol  with  acid  chlorides  in  presence  of  pyridine.  Only  0 -naphthyl  oleate 
was  obtained  in  good  yield  by  the  first  method;  both  esters  were  obtained  in  good  yield  by  the  second  method. 
The  constants  of  the  compounds  used  in  the  oxidation  experiments  are  set  forth  in  Table  1. 


TABLE  1 

Constants  of  starting  substances 


Substance 


of  melting  of  boiling 


Acid 

number 


found  by  calculated  found 
HiiM’s 


Oleic  acid 

14.4” 

222-223”  (9  mm> 

198.3 

89.87 

89.86 

198.63 

198.3 

Elaidic  acid 

51 

223-224  (9  mm) 

198.5 

89.87 

89.87 

198.63 

198.5 

Petroselinic  acid 

32.5 

216-218(8-9  mm) 

198.6 

89.87 

89,8 

198.63 

198.6 

Petroselaidic  acid 

54 

- 

198.5 

89.87 

89.89 

198.63 

198.5 

Methyl  oleate 

- 

190  (9  mm) 

0.0 

85.61 

85.5 

189.22 

189.7 

Methyl  elaidate 

- 

191-192  (9  mm) 

0.0 

85.61 

85.1 

189,22 

189.3 

0 -Naphthyl  oleate 

- 

285-289  (9  mm) 

0.0 

62.12 

61.9 

137.31 

137.2 

0 -Naphthyl  elaidate 

34 

285-295  (9  mm) 

0.0 

62.12 

63.1 

137.31 

136.0 

Methyl  petroselinate 

- 

158-160  (2-3  mm) 

0.0 

85.61 

85.40 

189.22 

189.0 

Methyl  petroselaidate 

-  ■ 

164-165  (2-3  mm) 

0.0 

85.61 

85.40 

189.22 

189.0 

Oxidation  of  the  acids  and  their  e'sters  was  effected  with  benzoyl  hydroperoxide  in  acetone  solution.  The 
hydroperoxide  was  prepared  from  benzoyl  peroxide  by  the  method  described  by  Prilezhaev  [5],  The  concentration 
of  the  benzoyl  hydroperoxide  solution  was  determined  from  the  content  of  active  oxygen  by  the  iodometric 
method.  Oxidation  was  effected  at  constant  temperature  in  a  thenriostat. 

The  course  of  the  oxidation  process  was  followed  by  measurement  of  the  benzoyl  hydroperoxide  concentra¬ 
tion  at  intervals. 


Q  200  m  600  800  1000 1200 

ouRflr/c/vfiN  MiMnio) 
Fig.  1  Oxidation  of  oleic  acid. 
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Oxidation  of  elaidic  acid. 


The  oxidizability  of  identical  weights  (1.0591  g)  of  oleic,  elaidic,  petroselinic  and  petroselaidic  acids  at 
20  and  10.4”  at  a  concentration  of  oxidizing  agent  of  0.3052  N,  and  at  a  concentration  of  the  starting  substance 
of  0,25  N  are  shown  respectively  in  Table  2  and  Fig.  1  and  2. 

Determination  of  the  oxidizability  of  equivalent  amounts  of  the  esters  was  carried  out  under  the  same 
conditions  of  temperature  and  concentration  (Table  2  and  Figs.  3-6). 

In  the  summary  graph  (Fig.  7)  is  reflected  the  influence  of  the  alcoholic  radical  on  the  oxidation  of  the 
esters  at  20”.  Results  of  oxidation  of  petroselinic  acids  and  their  esters  are  not  shown  in  the  graphs  since  they 
hardly  differed  from  the  corresponding  data  for  oleic  and  elaidic  acids  and  their  esters. 

The  data  of  Table  2  and  the  graphs  show  that  oleic  and  petroselinic  acids  are  oxidized  with  appreciably 
greater  facility  than  elaidic  and  petroselaidic  acids.  The  same  is  true  of  the  oxidation  of  the  corresponding 
esters.  Introduction  of  an  ester  group  leads  to  a  marked  inhibition  of  the  oxidation  reaction  and  to  an  increase 
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in  the  difference  in  the  amounts  of  esters  oxidized  in  comparison  with  acids  after  identical  periods  of  time. 
Replacement  of  the  methyl  radical  by  naphthyl  leads  to  a  slight  fall  in  the  reactivity  of  the  corresponding  ester. 


TABLE  2 


Oxidation  of  octadecenoic  acids  and  their  esters 


Name  of  substance  oxidized 

Duration  of  oxidation  (in  minutes) 

%  of  substance  oxidized 

at  20* 

at  10.4’ 

at  20* 

at  10.4* 

Oleic  acid 

1205 

1347 

99.8 

87.5 

Elaidic  acid 

1455 

1347 

99.0 

80.5 

Petroselinic  acid 

1200 

1347 

99.7 

87.5 

Petroselaidic  acid 

1450 

1347 

99.4 

80.0 

Methyl  oleate 

1200 

1467 

99.5 

85.2 

Methyl  elaidate 

1200  , 

1467 

95.0 

75.3 

Methyl  petroselinate 

1200 

1465 

99.6 

85.2 

Methyl  petroselaidate 

1200 

1465 

95.6 

75.2 

Naphthyl  oleate 

1200 

1250 

96.0 

80.5 

Naphthyl  elaidate 

1200 

1260 

89.0 

71.3 

Fig.  3.  Oxidation  of  Methyl  oleate 


Fig.  5.  Oxidation  of  fl  -Naphthyl  oleate 


Fig,.  6,  Oxidation  of  8 -Naphthyl  elaidate 


Fig.  4.  Oxidation  of  Methyl  elaidate 


elaidate. 
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SUMMARY 


1.  13 -Naphthyl  oleate  and  6 -naphthyl  elaidate  are  synthesized  for  the  first  time  and  their  properties 
described. 

2.  In  oxidation  with  benzoyl  hydroperoxide  in  acetone  solution,  oleic  and  petroselinic  acids  are  oxidized 
more  quickly  than  elaidic  and  petroselaidic  acids. 

3.  The  esters  are  oxidized  more  slowly  than  the  corresponding  acids;  this  effect  is  more  marked  with 
elaidates  than  with  oleates. 

4.  Replacement  of  the  methyl  radical  in  the  esters  by  naphthyl  lowers  the  oxidation  rate. 

5.  The  results  of  the  experiments  on  oxidation  of  oleic,  elaidic,  petroselinic  and  petroselaidic  acids 
and  their  esters  are  in  harmony  with  the  theory  of  the  influence  of  steric  hindrance,  and  they  illustrate  the 
possibility  of  establishing  by  a  chemical  method  whether  a  compound  belongs  to  the  cis-  or  to  the  trans- series. 
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COMPOUNDS  CONTAINING  A  T  H  REE  -  M  EM  B  E  RED  RING 


XV.  STUDY  OF  THE  REACTION  OF  THE  ETHYL  ESTER  OF  8 -METHYL-B-PROPYLGLYCIDIC  ACID 

WITH  ANILINE 


V.  F.  Martynov  and  Ya.  A.  Kastron 


In  the  preceding  communications  [1,  2]  we  described  the  reaction  of  the  ethyl  ester  of  8 -methyl-6 - 
ethylglycidic  acid  with  various  aromatic  amines.  In  the  present  paper  we  submit  additional  results  in  this  field. 

Reaction  of  ethyl  8 -methyl-8 -propylglycidate  with  amines  was  studied  by  the  French  chemists  Fourneau 
and  Billeter  [3],  They  described  the  reaction  of  this  ester  with  methylamine;  without  any  evidence  they  assigned 
to  the  addition  product  the  formula  of  the  methylamide  of  a-methylamino-8-hydroxyisoenanthic  acid  (a): 


CHj 

CjHt 


^C-CHCONHCH,. 

/|  I 

OHNHCH, 


(a) 


It  must  be  pointed  out  that  this  formula  is  extremely  improbable;  it  conflicts  not  only  with  the  studies 
of  other  chemists  [4,  5],  but  also  with  the  latest  studies  of  the  same  authors  [6].  On  investigating  the  reaction 
of  ethyl  6 -phenylglycidate  with  aliphatic  and  aromatic  amines,  Fourneau  and  Billeter  found  that  aliphatic 
amines  break  the  oxide  ring  of  glycidic  acid  from  the  side  of  the  8 -carbon  atom  with  formation  of  amides  of 
a-bydtoxy-  6-alkylamino-8-phenylpropionic  acid,  while  aromatic  amines  break  the  ring  from  the  side  of  the 
a -carbon  atom. 

When  starting  on  the  investigation  we  could  predict  in  advance  that  the  oxide  ring  in  the  ethyl  ester  of 
6 -methyl-6 -propylglycidic  acid  would  be  extremely  stable  and  not  readily  susceptible  to  reaction  due  to  the 
great  steric  hindrance  of  the  substituents  in  the  8 -position.  We  therefore  undertook  the  reaction  of  ethyl  8- 
methy  1-6 -propylglycidate  with  aniline  by  heating  not  in  a  sealed  ampoule,  as  we  had  done  in  the  majority  of 
such  cases,  but  in  an  open  flask  at  the  boiling  point  of  the  mixture.  In  spite  of  these  comparatively  drastic 
conditions,  we  obtained  a  comparatively  low  yield  of  reaction  product  (30%), 

On  the  basis  of  our  preceding  studies  [1,  2]  we  could  assign  the  formula  of  ethyl  a -hydroxy-8 -anilino- 
isoenanthate  (b)  to  the  products  of  interaction  of  the  above  components: 


CH 

CjH 


N 

^C-  CHOHCOOCjHj. 

^  NHCgHg 


(b) 


As  is  easily  seen,  this  formula  is  in  conflict  with  the  claims  of  Fourneau  and  Billeter  in  their  previously 
cited  paper  |3} 

Fof  confirmation  of  the  correctness  of  our  viewpoint,  we  subjected  the  addition  product  to  the  action  of 
concentrated  sulfuric  acid  with  heating.  At  100-105*  we  observed  vigorous  evolution  of  carbon  monoxide;  as 
we  had  previously  shown,  this  is  characteristic  of  a -hydroxy-8 -ary lamino  acids.  Consequently,  it  may  be 
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claimed  that  the  conclusions  of  Fourncau  and  Billeter  regarding  the  place  of  opening  of  the  oxide  ring  of  the 
above-mentioned  glycidic  acid  under  the  action  of  methylamine  are  erroneous. 

After  detachment  of  the  elements  of  formic  acid,  the  remainder  of  the  molecule  is  stabilized  usually 
by  transformation  into  the  indole  structure;  in  the  present  case  methylpropylindole  ought  to  have  been  obtained. 
Actually,  we  obtained  a  compound  whose  behavior  conesponded  to  that  of  methylpropylindole;  however,  we 
could  only  guess  its  structure  since  two  possible  isomers  could  be  formed  in  this  reaction.  The  following  scheme 
may  be  proposed; 


CHt 


C,H, 


>C-CH0HC00C,H5 

1 

NHC,H, 


'c.hAnhc.h.' 


CO  +  H,0  +  C,H,OH 


CH,  « 

\  I 
/C-C=:0 

hJ 


NH 


(0 


(11) 


As  we  see.  two  isomers  could  be  formed  if  the  retropina coline  rearrangement  proceeding  by  condensation 
of  the  aldehyde  group  with  the  nucleus  does  not  take  place  selectively. 

In  the  two  preceding  papers  [1,  2],  in  which  we  investigated  the  course  of  the  retropina  coline  rearrange¬ 
ment  at  two  different  radicals  —  methyl  and  ethyl  —  we  established  that  the  rearrangement  goes  selectively,  i.e, 
the  bigger  radical  (ethyl)  changes  its  position.  By  analogy  we  could  expect  a  selective  pinacoline  rearrange¬ 
ment  also  in  the  present  case,  with  change  of  position  of  the  propyl  group  to  give  2-methyl-3-propylindole  (II). 

The  melting  point  of  the  picrate  of  the  indole  that  we  prepared  (133-134*)  corresponded  to  the  m.p. 
given  in  the  literature  for  2-methyl-3-propylindole  —  134“  [7]. 

For  final  confirmation  we  synthesized  2-methyl-3-propylindole  by  the  Fischer  method,  prepared  its  picrate, 
and  carried  out  a  mixed  melting  test  without  obtaining  a  depression.  Thus  we  actually  had  obtained  2-methyl-3- 
propylindole.  The  retropinacoline  rearrangement  went  selectively  with  migration  of  the  heavier  radical. 

EXPERIMENTAL 

Synthesis  of  ethyl  ester  of  6-methyl-fl-propylglycidic  acid.  The  ester  was  obtained  by  the  Darzan 
method  by  reaction  of  methylpropyl  ketone  with  ethyl  chloroacetate  in  presence  of  sodium  ethoxide.  Yield 

allowing  for  the  unreacted  ethyl  chloroacetate.  After  two  distillations  the  b.p.  was  96-97*  at  12  mm. 

d5®  0.9768,  ng  1.4279,  MRp  45,33;  calc.  44.99. 

Synthesis  of  ethyl  ester  of  a -hydroxy-8 -anilinoisoenanthic  acid.  A  mixture  of  34  g  ethyl  ester  of 
6 -methyl-6 -propylglycidic  acid  and  55  g  aniline  was  placed  in  a  small  flask  fitted  with  a  reflux  condenser 
(ground-glass  connection)  to  whose  upper  end  was  attached  a  Tishchenko  bottle  containing  sulfuric  acid.  The 
mixture  was  heated  at  a  gentle  boil  on  Wood's  alloy  for  30  hours  with  intermissions.  Toward  the  end  of  the 
heating  the  liquid  in  the  flask  had  a  cherry-red  color. 

In  vacuum  distillation  a  fraction  was  collected  with  b.p.  144-149*  at  2  mm.  The  product  was  a  viscous, 
light-yellow  liquid  which  did  not  crystallize  on  standing.  Yield  15  g  (30*70).  After  2  redistillations  b.p.  144- 
l‘^8*  at  2  mm 

d?  1.0643.  ng  1.5258  MRp  76.50;  calc.  74.64;  EM  1.86.* 

Found  N  5.39  C15HJ3O3N,  Calculated  *7o;  N  5.28. 

•  There  are  indications  that  alkyl-substituted  anilines  have  an  exaltation  greater  than  unity  [8]. 
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Transformation  of  ethyl  ester  of  a -hydroxy-8 -anilinoisoenanthenic  acid  into  2-methyl-3-propylindole. 

To  11  g  ethyl  ester  of  a -hydroxy-j3 -anilinoisoenanthenic  acid  was  added  50  ml  concentrated  sulfuric  acid.  The 
mixture  was  heated  over  a  naked  flame.  At  95*  carbon  monoxide  started  to  come  off  and  the  evolution  became 
very  intensive  at  100-105*.  The  reaction  continued  for  approximately  an  hour.  After  gas  had  ceased  coming 
off,  the  red  liquid  was  run  into  iced  water,  the  acid  was  neutralized  with  caustic  alkali,  and  the  emulsified 
substance  was  extracted  with  ether.  After  the  ether  had  been  driven  off,  the  product  was  fractionated  in  vacuum 
and  the  fraction  with  b.p.  127-130*  at  3  mm  was  collected.  3  g  golden  yellow  liquid  was  obtained  with  the 
characteristic  indole  odor;  it  turned  red  on  standing.  Yield  42%.  After  redistillation  b.p.  127-128*  at  2.5  mm. 

dj®  1.0163,  nJ5  1.5778,  MRp  56.52;  calc.  54.94,  EM  1.58. 

Found  %:  N  8.16.  QzHisN.  Calculated  %:  N  8.09. 

A  picrate  was  obtained  in  the  form  of  small,  cherry-red  needles.  After  three  recrystallizations  and  drying 
in  vacuum  the  m.p.  was  133-134*;  the  literature  reports  134*  [7].  No  depression  was  obtained  in  a  mixed  melt¬ 
ing  test  of  the  picrate  of  our  preparation  of  2-methyl-3-propylindole  with  the  picrate  of  the  same  indole  obtained 
by  Fischer's  method. 


SUMMARY 

1.  The  reaction  of  ethyl  6 -methyl- 8 -propylglycidate  with  aniline  is  studied.  It  is  established  that  in 
this  reaction  the  oxide  ring  of  glycidic  acid  is  opened  from  the  side  of  the  6 -carbon  atom. 

2.  The  transition  from  ethyl- a -hydroxy-8 -anilinoisoenanthate  to  2-methyl-3-ptopylindole  is  effected. 
The  case  of  a  selective  retropina coline  rearrangement  was  studied  in  this  reaction.  Of  the  two  radicals  (methyl 
and  propyl),  the  heavier  one  migrates. 
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SYNTHESIS  OF  THIAZOLE  DERIVATIVES  WITH  THE  HELP  OF  ORGA  N  OLIT  H  lU  M 


COMPOUNDS 


B.  M.  Mikhailov  and  V.  P.  Bronovitskaya 

Organolithium  compounds  of  thiazole  are  obtained  both  by  the  metalation  reaction  and  by  exchange  of 
halogen  by  metal.  By  the  first  method  lithium  can  be  introduced  into  the  2-positibn  of  4,5-dimethylthiazole  by 
the  action  of  phenyllithium  [1];  the  second  method  is  applied,  in  particular,  for  the  preparation  of  2,4-dimethyl- 
thiazolyl-5-lithium  from  2,4-dimethyl-5-bromothiazole  and  n-butyllithium  [2]. 

We  simplified  the  method  of  preparation  of  2,4-dimethylthiazolyl-5-lithium  (I)  by  replacing  n-butyl¬ 
lithium  by  phenyllithium,  and  we  used  this  lithium  compound  for  the  synthesis  of  some  5-derivatives  of  2,4-di- 
methylthiazole. 

Carboxylation  of  the  lithium  compound  (I)  leads  to  formation  in  good  yield  of  2;4-dimethylthiazole-5- 
carboxylic  acid  (ID: 


Reaction  of  organolithium  compound  (I)  with  ethylene  oxide  gave  a  yield  of  2,4-dimethyl-5-(  0- 
hydroxyethyl)-thiazole  (III);  the  latter  had  been  obtained  in  very  poor  yield  from  6 -bromoacetopropyl  alcohol 
[3],  Condensation  of  2,4-dimethylthiazolyl-5-lithium  (I)  with  formaldehyde  or  acetaldehyde  gave, respectively, 
2,4-dimethyl-5-hydroxymethylthiazole  (IV)  or  2,4-dimethyl- 5- a -hydroxyethylthiazole  (V).  Methyl  iodide 
reacts  smoothly  with  (I)  to  form  2,4,5-trimethylthiazole  (VI); 


CH,— CH, 

CH, 

HOCHg-J 

S 

(IV) 


(V)  (VI) 

EX  PERIMENTAL 

All  operations  with  organolithium  compounds  were  conducted  in  a  nitrogen  atmosphere. 

2.4-Dimethylthiazole-5-carboxylic  acid  (II).  To  an  ethereal  solution  of  0.516  g  phenyllithium  contained 
in  a  two-branched  ampoule  was  gradually  added  an  ethereal  solution  of  1  g  2,4-dimethyl-5-bromothiazole  [4] 


HOCH2CH2— 


CH,0 


s 

(III) 
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with  shaking  and  cooling  with  ice-salt  mixture.  After  15-minutes'  shaking  the  reaction  mixture  was  run  on  to  I 

solid  carbon  dioxide,  and  ether  and  water  were  added  to  the  reaction  products.  Acidification  of  the  aqueous  I 

layer  led  to  separation  of  0.6  g  of  an  acid  (73.5  /d)  with  m.p.  223-225*;  it  was  recrystailized  from  water;  lustrous, 
white  needles  with  m.p.  230-231*.  I 

According  to  the  literature  2,4-dimethylthiazole-5-carboxylic  acid  has  m.p.  227*  [5].  ' 

2.4- Dimethyl-5-(B  -hydroxyethyl)-thiazole  (111).  To  a  solution  of  phenyllithium,  prepared  from  24  g  | 

bromobenzene,  2.1  g  of  lithium  and  90  ml  anhydrous  ether,  placed  in  a  four-necked  flask  fitted  with  stirrer,  j 

reflux  condenser,  dropping  funnel  and  nitrogen  lead  tube,  was  added  with  stirring  and  cooling  with  ice- salt 

mixture,  an  ethereal  solution  of  20  g  2,4-dimethyl-5-bromothiazole  was  gradually  added.  Gaseous  ethylene 

oxide  was  passed  into  the  dark-brown  reaction  mixture  after  15  minutes'  stirring.  -  Lightening  of  the  color  of  , 

the  solution  and  the  formation  of  a  voluminous  light-yellow  precipitate  were  observed. 

At  the  conclusion  of  the  reaction  the  alcoholate  was  decomposed  with  water,  the  ethereal  solution  was 
evaporated  down,  and  the  residue  distilled  in  vacuum  to  give  6.36  g  (39.2%)  colorless  oil  with  b.p.  130-132* 

(6  mm).  According  to  the  literature  [3],  2,4-dimethyl-5-(6 -hydroxyethyl)-thiazole  melts  at  130-131*  (7-8 
mm). 

) 

2.4- Dimethyl-5-hydroxymethylthiazole  (IV).  An  ethereal  solution  of  30  g  of  2,4"dimethyl-5-bromo~ 

thiazole  was  added  to  a  solution  of  phenyllithium,  prepared  from  36  g  bromobenzene,  3.15  g  lithium,  and  ' 

135  ml  of  anhydrous  ether.  After  15  minutes,  a  stream  of  formaldehyde,  obtained  by  depolymerization  of  para-  i 

formaldehyde,  was  passed  into  the  reaction  flask.  The  solution  was  decolorized  and  a  voluminous  precipitate 
formed. 

The  next  day  the  reaction  mixture  was  run  into  dilute  hydrochloric  acid  containing  ice,  the  lower,  dark-  * 

brown  layer  was  neutralized  with  concentrated  ammonia  solution,  the  resultant  oil  was  extracted  with  chloro-  j 

form,  the  solvent  distilled  off  and  the  residue  fractionated  in  vacuum.  ' 

There  was  obtained  14.3  g  (64%)  viscous,  oily  liquid  with  b.p.  123-125*,  (4  mm),  solidifying  at  room  temperarure 
to  a  crystalline  mass  with  m.p.  43-45*. 

Found  %:  C  50.59;  H  6.42.  CjHjONS.  Calculated  %:  C  50.31;  H  6.33.  ' 

The  piciate  of  2,4-dimeihyl-5-hydroxymethylthiazole,  prepared  in  alcoholic  solution,  forms  short, 
yellow  needles  with  m.p.  106-107*. 

Found  %:  C  38.56;  H  3.04.  Ci2Hi20,N4S.  Calculated  %;  C  38.70;  H  3.25. 

The  hydrochloride  of  2,4-dimethyl-5-hydroxymethylthiazole  is  formed  by  passing  dry  hydrogen  chloride 
into  an  ethereal  solution  of  the  base;  it  crystallizes  from  anhydrous  alcohol  as  colorless  crystals  with  m.p.  151- 
153*,  readily  soluble  in  water  and  alcohol  and  insoluble  in  ether. 

2.4- Dimethyl-5- a -hydroxyethylthiazole  (V).  To  2,4-dimethyl-5-thiazolyllithium,  prepared  as  described  * 

above  from  20  g  2,4-dimethyl-5-bromothiazole  and  phenyllithium,  was  added  an  ethereal  solution  of  9.2  g 

freshly  distilled  acetaldehyde.  There  was  observed  heat  evolution,  decolorization  of  the  solution  and  separation 
of  a  light-yellow  precipitate.  The  reaction  mass  was  stirred  at  room  temperature  and  then  run  into  dilute 

hydrochloric  acid  and  ice,  after  which  it  was  worked  up  as  before.  Fractionation  gave  6.8  g  (41.5%)  yellow  oil,  ’ 

which  easily  decomposed  even  when  kept  in  the  dark  and  in  the  cold.  ^ 

Found  %:  C  53.80;  H  7.12.  CtHuONS.  Calculated  %:  C  53.46;  H  7.05.  ' 

2,4,5-Trimethylthiazole  (VI).  An  ethereal  solution  of  66  g  of  methyl  iodide  was  added  to  the  2,4-di- 
methyl-5-thiazolyllithium  prepared  as  described  above  from  30  g  of  2,4-dimethyl-5-bromothiazole  and  phenyl¬ 
lithium.  The  precipitate  was  observed  to  dissolve.  After  45  minutes  of  stirring  at  room  temperature,  the  re-  ' 

action  products  were  treated  as  in  the  previous  experiments.  ^ 

There  was  obtained  13.6  g  (68.6%)  of  a  colorless  liquid,  b.p.  48-50*  (14  mm).  The  literature  for  2,4,5- 
trimethylthiazole  gives  b.p.  65-67*  (20  mm)  [6].  ^ 

The  picrate  of  2,4,5-mmethylthiazole  with  m.p.  135-136.5*  is  prepared  from  alcoholic  solution.  Ac¬ 
cording  to  the  literature,  the  picrate  obtained  from  acidified  aqueous  solution  has  m.p.  133*.  ' 
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SUMMARY 


1.  The  lithium  compound  of  2,4-dimethylthiazole  is  smoothly  obtained  by  the  action  of  phenyllithium 
on  2,4-dimethyl- 5-bromothiazole. 

2.  Starting  from  2,4-dimethylthiazolyl-5-lithium,  a  series  of  5-substituted  derivatives  of  2,4-dimethyl' 
thiazole  was  obtained. 
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REACTION  OF  THE  ETHYL  ESTER  OF  C  H  L  OROIN  D  A  N  E  D  ION  E  C  A  RB  OX  Y  LIC  ACID 


WITH  PRIMARY  AMINES  , 


G.  Ya.  Vanag  and  R.  Ya.  Silaraya 


It  is  known  that  the  halogen  in  the  2-position  of  indanedione-1,3  and  in  its  homologs  and  derivatives  is 
labile  and  easily  replaced  by  other  groups.  Thus,  for  example,  on  acting  upon  2-alkyl-2-bromoindanedione-l,3 
with  ammonia  or  amines,  the  corresponding  derivatives  of  2-aminoindanedione-l,3  are  obtained  [1],  Reaction 
of  ammonia  amines  with  2-bromo-2-phenylindanedione-l,3  gives  2-amino-2-phenylindanediones-l,3.  Under 
the  influence  of  sodium  methoxide  these  amino  derivatives  isomerize  to  the  corresponding  tetrahydroisoquin- 
olines  [2]: 

OCOv  R 

\:0^  '^NHR' 


Consequently  a  route  is  here  opened  up  to  transition  from  relatively  easily  accessible  derivatives  of  the 
indane  group  to  derivatives  of  isoquinoline. 

Other  cases  of  such  a  transition  are  also  known.  Thus,  for  example,  Pfeiffer  and  coworkers  [3-5]  oxidized 
some  derivatives  of  indanone  and  indanedione  and  likewise  obtained  isoquinoline  derivatives.  The  Beckmann 
rearrangement  of  nitroindanedione  oxime  also  gave  an  isoquinoline  derivative  [6,  7]. 

It  was  of  interest  to  investigate  also  the  possibility  of  transformation  of  simpler  derivatives  of  indanedione 
into  isoquinoline  derivatives.  As  we  know,  indanedione-1,3  is  obtained  by  decomposition  with  acid  of  the  sodium 
salt  of  the  ethyl  ester  of  indanedionecarboxylic  acid;  the  latter  in  turn  is  prepared  by  condensation  of  diethyl 
phthalate  or,  better  still,  dimethyl  phthalate  [8]  with  ethyl  acetate  in  presence  of  metallic  sodium. 


COOCjH, 

/ 

C,H, 

\ 

COOC^Hs 


CO 

CHjCOOCjH,  /  \ 

C„H,  C-COOCjHs 

\  // 
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HCI 
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CO 
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•C,H,  CH, 
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ONa 


r*' 

CO 

CO  COOC.H-, 

^CCl-COOC,H, 

Crfl/ 

/ 

\  /  \ 

CO 

CO  OH 

(I) 

(11) 

Chlorine  acts  on  the  sodium  salt  of  the  ethyl  ester  of  indanedionecarboxylic  acid  to  easily  give  the  ethyl 
ester  of  chloroindanedionecarboxylic  acid  (I);  the  latter  is  consequently. a  most  easily  accessible  halogen- 
substituted  member  of  the  indanedione  group. 

The  chlorine  atom  in  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  is  very  labile;  even  with  weak 


alkali,  for  instance,  it  is  replaced  by  the  hydroxyl  group  to  form  tlie  ethyl  ester  of  hydroxyindanedionecarboxylic 
acid  (Ill  [9], 

Plithalaiiil  is  obtained  when  the  ethyl  ester  of  chloroindonedionecarboxylic  acid  is  heated  with  excess  of 
aniline  in  the  absence  of  a  solvent.  Formation  of  phthalanil  when  indanedione  derivatives  are  treated  with 
aniline  has  been  repeatedly  noted  [10,  11],  It  is  also  formed  in  solution  in  glacial  acetic  acid.  When  working 
in  alcoholic  solution,  however,  one  can  also  isolate,  apart  from  phthalanil,  another  reaction  product  in  the  form 
of  white  crystals  with  m.p.  115-116'.  On  further  heating  with  aniline  it  is  converted  into  phthalanil. 

The  isolated  substance  contains  chlorine  and  nitrogen  and,  consequently,  it  may  be  either  the  anilide  of 
chloroindanedionecarboxylic  acid  (IIIl  or  the  anil  of  the  ethyl  ester  of  chloroindonedionecarboxylic  acid  (IV)- 
T^e  composition  and  properties  are  more  consistent  with  the  second  formula. 

CO  C0NHC„H5 
/  \  / 

C„H.  C 
\  /  \ 

CO  Cl 

(111) 


CO  coor  H, 
/  \  / 

C«H,  C 
\  /  \ 

C  Cl 
II  , 

NC,Hs 

(IV) 


The  anil  of  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  is  very  resistant  to  the  action  of  mineral 
acids.  On  prolonged  heating  with  semiconcentrated  hydrochloric  acid,  only  a  small  amount  of  resin  is  obtained; 
the  main  mass  remains  unchanged.  By  contrast,  the  anil  reacts  with  facility  with  caustic  alkalies,  when  the  ester 
group  is  saponified  and  the  chlorine  is  replaced  by  the  hydroxyl  group  to  form  the  anil  of  hydroxylndanedione- 
carboxylic  acid  (V).  Ethanol  was  detected  by  the  iodoform  reaction  in  the  distillate  when  the  anil  of  the  ethyl 
ester  of  chloroindanedionecarboxylic  acid  was  distilled  with  dilute  caustic  alkali. 


CO  COOH 

C,H4^ 

^OH 

II 

NC,H, 

(V) 


CO  COOCjH, 

^C^  \ 

II 

NC,Hs 

(VI) 


CO  COOH 

c,h/ 


NC,H5 


(VII) 


The  compound  obtained  is  an  a -hydroxy  acid.  It  is  known  that  under  the  action  of  dilute  sulfuric  acid 
a -hydroxy  acids  are  decomposed  to  form  the  corresponding  aldehyde  or  ketone  with  cleavage  of  formic  acid. 

In  fact,  on  distilling  the  anil  of  hydroxyindanedionecarboxylic  acid  with  dilute  sulfuric  acid,  an  acid  distillate 
is  obtained  which  reduces  a  solution  of  silver  nitrate  and  of  mercuric  chloride.  Pthalic  acid  crystallizes  from 
the  residue  in  the  flask.  Aniline  is  detected  in  the  solution. 

Only  phthalanil  is  obtained  by  the  action  of  both  acetyl  chloride  and  phosphorus  trichloride  on  the  anil  of 
hydroxyindanedionecarboxylic  acid. 

Chlorine  is  replaced  by  hydrogen  when  the  anil  of  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  is 
reduced  with  zinc  dust  in  glacial  acetic  acid,  and  the  anil  of  the  ethyl  ester  of  indanedionecarboxylic  acid  (VI) 
is  obtained.  Caustic  alkali  again  easily  saponifies  the  ester  to  give  the  anil  of  indanedionecarboxylic  acid  (VII). 
An  attempt  to  prepare  it  directly  from  indanedionecarboxylic  acid  and  aniline  was  unsuccessful:  on  addition 
of  aniline  to  the  alcoholic  solution  of  indanedionecarboxylic  acid,  the  aniline  salt  of  indanedionecarboxylic  acid 
comes  down;  heating  of  the  solution  leads  to  a  blue  and  then  a  brown  solution.  It  is  known  that  free  indanedione¬ 
carboxylic  acid  is  ea^ly  decomposed  to  form  indanedione  which  condenses  to  biindone;  the  latter  gives  colored 
compounds  with  aniline. 

Treatment  of  the  anil  of  the  ethyl  ester  of  indanedionecarboxylic  acid  with  inorganic  acids  likewise  leads 
to  saponification  of  the  ester  group  and  formation  of  the  same  anil  of  indanedionecarboxylic  acid  as  in  the 
saponification  with  alkali.  And  finally,  the  same  product  is  also  formed  when  the  anil  of  the  ethyl  ester  of 
indanedionecarboxylic  acid  is  treated  with  hydriodic  acid  and  red  phosphorus. 

m-Toluidine,  a  -  and  6 -naphthylamines,  etc.  react  like  aniline  with  the  ethyl  ester  of  chloroindanedione¬ 
carboxylic  acid.  For  example,  on  heating  with  m-toluidine  without  a  solvent,  only  m-tolylphthalimide  is  formed; 
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but  on  heating  in  alcoholic  solution  both  m-tolylphthalimide  and  the  respective  naphtha  lyphtha  Urn  ides  and 
a  second  reaction  product  analogous  with  the  anil  of  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  are 
obtained.  With  ethylamine  only  N-ethyl  phthalimide  is  obtained.  An  intermediate  reaction  product  could 
not  here  be  isolated. 

With  secondary  amines  the  formation  of  the  corresponding  anil  of  the  ethyl  ester  of  chloroindanedione¬ 
carboxylic  acid  is  impossible.  Heating  of  this  ester  with  methylamline  without  a  solvent  leads  to  a  violent 
reaction  with  evolution  of  carbon  dioxide  and  resinification.  No  reaction  occurs  when  the  same  components 
are  heated  in  ethereal  solution,  but  chlorine  is  replaced  by  hydroxyl  on  heating  in  alcoholic  solution  with 
formation  of  the  ethyl  ester  of  hydroxyindanedionecatboxylic  acid  (II). 

Consequently,  we  see  here  a  rather  unusual  behavior  of  the  ethyl  ester  of  chloroindanedionecarboxylic 
acid.  The  chlorine  of  this  compound  is  extremely  easily  replaced  by  the  hydroxyl  group  although  it  could  not 
be  replaced  by  the  amino  group.  It  is  known  that  indanedionecarboxylic  acid  is  not  a  stable  compound:  on 
heating  it  easily  splits  off  carbon  dioxide  and  is  transformed  into  indanedione.  The  anil  of  indanedionecarboxyl 
ic  acid  obtained  in  this  investigation  is  stable  and  does  not  lose  carbon  dioxide.  The  anil  of  2-hydroxyindane- 
dionecarboxylic  acid  is  likewise  fairly  stable. 

EXPERIMENTAL 

Action  of  aniline  on  the  ethyl  ester  of  2-chloroindanedione-l,3-carboxylic  acid- 2.  a)  1  g  ethyl  ester 
of  the  chloroindanedionecarboxylic  acid  and  3-4  ml  aniline  were  boiled  10  minutes.  The  liquid  turned  dark- 
red.  On  cooling,  the  entire  mass  crystallized  and  0.74  g  phthalanil  (84%)  was  obtained.  M.p.  204-205*.  It 
did  not  give  a  depression  of  melting  point  with  pure  phthalanil. 

b)  10  g  of  the  ethyl  ester  of  the  chloroindanedionecarboxylic  acid  was  dissolved  in  15  ml  alcohol,  11  g 
aniline  (3  moles  aniline  per  mole  ester)  was  added,  and  the  mixture  refluxed  in  a  flask  for  2  hours.  On  cooling, 
fine  crystals  of  phthalanil  came  down  —  3.23  g  (37%).  M.p.  205*.  No  depression  of  melting  point  with  pure 
phthalanil. 

Found  %:  N  6.40.  C14H9O2N.  Calculated  %:  N  6.25. 

The  filtrate  after  separation  of  the  phthalanil  was  acidified  with  dilute  hydrochloric  acid.  Yellow-brown 
crystals  came  down.  Yield  6.1  g(47.3%).  Crystallization  from  benzene  gave  white  platelets  of  the  anil  of  the 
ethyl  ester  of  chloroindanedionecarboxylic  acid  (IV)  with  m.p.  115-116*. 

Found  %:  N  4.30;  Cl  10.62.  CigHiPjNCl.  Calculated  %:  N  4.27;  Cl  10.82. 

4  g  of  aniline  was  added  to  a  solution  of  1  g  of  the  anil  of  the  ethyl  ester  of  chloroindanedionecarboxylic 
acid  in  8  ml  of  alcohol,  and  the  mixture  was  boiled  for  3  hours.  The  liquid  turned  dark  red.  Upon  cooling,  a 
crystalline  precipitate  of  phthalanil  came  down  in  a  yield  of  0.55  g  (80.9%).  After  crystallization  from  alcohol 
it  had  m.p.  205*.  With  pure  phthalanil  it  gave  no  melting  point  depression. 

Anil  of  2-hydroxyindanedione-l,3-carboxvlic  acid-2  or  l-phenylimino-2-hydroxyindanedione-3-car- 
boxylic  acid-2  (V).  40  ml  3  N  sodium  hydroxide  was  poured  over  3  g  anil  of  the  ethyl  ester  of  chloroindane¬ 
dionecarboxylic  acid  and  the  mixture  distilled.  The  solid  in  the  flask  gradually  dissolved.  A  colorless  distil¬ 
late  with  a  faint  odor  of  aniline  was  obtained.  A  little  dilute  sulfuric  acid  was  added  to  it  and  the  mixture 
again  distilled.  The  distillate  contained  ethyl  alcohol  and  gave  a  pronounced  iodoform  reaction  (odor,  char¬ 
acteristic  crystals  under  the  microscope). 

The  alkaline  residue  in  the  distilling  flask  was  filtered  and  acidified  with  dilute  sulfuric  acid.  A  white 
precipitate  of  the  anil  of  2-hydroxyindanedione-l,3-carboxylic  acid  came  down.  Yield  1.65  g(63.5%).  After 
crystallization  from  xylene  m.p.  167-168*  (with  decomp.). 

Found  %:  N  4.92.  C16H11O4N.  Calculated  %:  N  4.98. 

Ammonium  salt.  Ammonia  was  poured  over  the  anil  of  2-hydroxyindanedionecarboxylic  acid.  The 
compound  dissolved.  The  ammonium  salt  was  obtained  by  evaporating  the  solution. 

Found  %:  N  9.25.  C16H14O4N2.  Calculated  %:  N  9.40. 

Dilute  sulfuric  acid  (1 :  5)  was  poured  over  the  anil  of  2-hydroxyindanedionecarboxylic  acid.  On  distil¬ 
lation  an  acid  distillate  was  obtained  with  the  characteristic  reactions  of  formic  acid:  it  reduced  silver  nitrate 
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and  mercuric  chloride.  When  the  residue  in  the  flask  was  cooled,  phthalic  acid  came  down  (it  sublimed  in 
the  form  of  phthalic  anhydride  with  m.p.  128*;  the  sublimate  gave  the  fluorescein  reaction).  To  the  filtrate 
was  added  excess  of  sodium  hydroxide  and  the  mass  extracted  with  ether.  Evaporation  of  the  ether  left  oily 
drops  of  aniline  (violet  coloration  with  bleaching  powder). 

Anil  of  the  ethyl  ester  of  indanedione-l,3-carboxylic  acid-2  or  the  ethyl  ester  of  1-phenyliminoindane- 
dione- 3- carboxylic  acid-2  (VI).  2  g  of  the  anil  of  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  was 
dissolved  in  20  ml  glacial  acetic  acid,  zinc  dust  was  added  and  the  mixture  boiled  1-2  hours.  After  filtration 
the  filtrate  was  diluted  with  water.  A  grey  precipitate  of  the  anil  of  the  ethyl  ester  of  indanedionecarboxylic 
acid  came  down.  Yield  1.2  g  (66.670).  After  a  few  recrystallizations  from  alcohol  the  m.p.  was  109-110*. 

Found  %:  N  5.25.  CigHjsOjN.  Calculated  7o:  N  4.77. 

Aniline  salt  of  the  ethyl  ester  of  indanedionecarboxylic  acid.  1  ml  of  aniline  was  added  to  a  solution 
of  1  g  of  the  ethyl  ester  of  indanedionecarboxylic  acid  [12]  in  10  ml  alcohol.  The  liquid  became  an  intense 
yellow,  and  coarse,  yellow,  cubical  crystals  of  the  aniline  salt  of  the  ethyl  ester  of  indanedionecarboxylic 
acid  gradually  separated  out.  M.p.  100*  (with  decomp.). 

Found  7o:  N  4.64.  CigHi704N.  Calculated  7o:  N  4.50. 

Carbon  dioxide  came  off  when  the  aniline  salt  was  heated  with  dilute  hydrochloric  acid,  and  indanedione 
came  down.  M.p.  128*.  No  melting  point  depression  with  pure  indanedione. 

Anil  of  indanedionecarboxylic  acid  cr  l-phenyliminoindaticne-3-carboxylic  acid-2  (VII).  a)  1  g  anil 
of  the  ethyl  ester  of  indanedionecarboxylic  acid  was  covered  with  20  ml  3  N  sodium  hydroxide  and  distilled. 
The  solid  gradually  went  into  solution.  The  colorless  distillate  had  a  faint  odor  of  aniline.  After  addition 
of  a  little  dilute  sulfuric  acid,  the  material  was  again  distilled.  Ethyl  alcohol  was  detected  in  the  distillate 
by  the  iodoform  reaction.  The  alkaline  residue  in  the  distillation  flask  was  filtered  and  acidified  with  dilute 
hydrochloric  acid.  A  white  precipitate  of  the  anil  of  indanedionecarboxylic  acid  came  down.  Yield  0.8  g. 
M.p.  190*:  after  recrystallization  from  benzene  it  had  m.p.  19  2-193*.  It  was  soluble  in  sodium  bicarbonate. 

Found  7o:  N  5.31.  CigHnOgN.  Calculated  7o:  N  5.28. 

b)  The  3nil  of  the  ethyl  ester  of-  .  w.  indanedionecarboxylic  acid  was  boiled  with  hydro¬ 
chloric  acid  (1:  1).  The  anil  of  the  ester  at  first  floated  in  the  liquid  in  the  form  of  oily  drops  and  then  con¬ 
verted  to  a  white  precipitate  of  the  anil  of  indanedionecarboxylic  acid.  After  crystallization  from  benzene  it 
had  m.p.  192-193*. 

Found  7o:  N  5.21.  CigH^iOgN.  Calculated  7o:  N  5.28. 

c)  5  g  of  the  ethyl  ester  of  indanedionecarboxylic  acid,  5  g  red  phosphorus  and  15  ml  commercial 
hydriodic  acid  were  refluxed  in  a  flask  for  30  minutes.  The  hot  solution  was  suction- filtered  through  a  glass 
filter.  A  yellow  precipitate  came  down  on  cooling.  It  was  diluted  with  water,  and  suction-filtered.  Yield 
2.6  g  of  the  anil  of  indanedionecarboxylic  acid.  M.p.  192-193*. 

Found  7o:  N  5.27.  CjgHijOgN.  Calculated  7o:  N  5.28. 

Action  of  m-toluidine  on  the  ethyl  ester  of  chloroindanedionecarboxylic  acid.  '  ^  r 

of  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  was  boiled  with  an  excess  of  m-toluidine  for  5-10 
minutes.  The  liquid  turned  dark  red.  Upon  cooling  m-tolylphthalimide  precipitated  out.  Yield  1.5  g.  After 
crystallization  from  glacial  acetic  acid  m.p.  170-172*.  The  mixture  with  pure  m-tolylphthalimide  melts 
without  depression. 

5  g  of  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  was  dissolved  in  10  ml  alcohol  and  4  g 
m-toluidine  was  added.  The  mixture  was  boiled  2  hours.  On  cooling,  0.8  g  m-tolylphthalimide  came  down. 
M.p.  170-172*. 

Found  7o:  N  6.10.  CigHuOgN.  Calculated  ^0:  N  5.91. 

To  the  filtrate  was  added  dilute  hydrochloric  acid  until  the  reaction  was  acidic.  The  ethyl  ester  of 
l-m-tolylimino-2-chloroindanone-3-carboxylic  acid-2  was  precipitated  (IV,  m-C5H4CH3  instead  of  CgHg). 
Yield  4.25  g.  After  crystallization  from  carbon  tetrachloride  m.p.  143-145*. 

Found  N  4.30.  CijHigOjNCl.  Calculated  N  4.10. 
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2  ml  of  m-toluidine  was  added  to  a  solution  of  0.3  g  of  the  ethyl  ester  of  l-m-tolylimino-2-chloro- 
indanone-3-carboxylic  acid-2  in  6  ml  of  alcohol  and  the  mixture  was  boiled  for  3  hours.  After  cooling,  dilute 
hydrochloric  acid  was  added.  0.18  g  of  m-tolylphthalimide  precipitated  out.  After  crystallization  from  glacial 
acetic  acid  it  had  m.p.  170-172*.  With  pure  m-tolylphthalimide  it  gave  no  melting  point  depression. 

Action  of  6-naphthylamine  on  the  ethyl  ester  of  chloroindanedionecarboxylic  acid.  5  g  of  the  ethyl  ester 
of  chloroindanedionecarboxylic  acid,  5.3  g  of  8-naphthylamine  and  10  ml  of  alcohol  were  boiled  for  2  hours. 
Upon  cooling  0.8  g  of  6 -naphthylphthalimide  precipitated  out  of  the  solution.  After  crystallization  from  glacial 
acetic  acid,  it  formed  colorless  needles  with  m.p.  217-219*.  i 

Found  N  3.98.  CigHijOzN.  Calculated  o/o:  N  3.75. 

Crystals  with  m.p.  158-160*  came  down  from  the  filtrate  after  separation  of  the  8 -naphthylphthalimide 
on  standing  in  an  open  vessel.  After  crystallization  from  alcohol  the  ethyl  ester  of  l-(8 -naphthylimino)-2- 
chloroindanone-3-carboxylic  acid-2  was  obtained  in  the  form  of  white  crystals  with  m.p.  172-174*. 

Found  N  3.33.  CzzHigOjNCl.  Calculated  N  3.70. 

Action  of  g-naphthylamine  on  the  ethyl  ester' of  chloroindanedionecarboxylic  acid.  5  g  ethyl  ester  of 
chloroindanedionecarboxylic  acid,  5.3  g  of  a-naphthylamine  and  10  ml  of  alcohol  were  boiled  for  2  hours. 

Upon  cooling,  3.7  g  of  a -naphthylphthalimide  precipitated  out.  After  crystallization  from  alcohol,  colorless 
crystals  formed,  m.p.  180-181*. 

Found  %:  N  3.95.  CigHii02N.  Calculated ‘7o:  N  3.75. 

Action  of  ethylamine  on  the  ethyl  ester  of  chloroindanedionecarboxylic  acid.  3  g  ethyl  ester  of  chloro¬ 
indanedionecarboxylic  acid  was  covered  with  5  ml  33%  ethylamine  solution.  The  compound  quickly  dissolved, 
heat  was  evolved  and  the  color  changed  to  dark-red.  The  mass  was  boiled  10  minutes.  Crystals  of  N-ethyl- 
phthalimide  came  down  on  cooling.  Yield  1.7  g  (80.9%).  Crystallization  from  alcohol  gave  long  needles  with 
m.p.  76-78*. 

Found  %:  N  7.91.  CigHgOgN.  Calculated  %:  N  8.00. 

The  corresponding  ethylimine  could  not  be  isolated  in  this  case. 

Reaction  of  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  with  methylaniline.  3  g  of  the  ethyl 
ester  of  chloroindanedionecarboxylic  acid,  10  ml  of  alcohol  and  2.5  g  of  methylaniline  were  boiled  for  2  hours. 
On  cooling,  crystals  of  the  ethyl  ester  of  2-hydroxyindanedtone-l,3-carboxylic  acid-2  (II)  came  down.  Yield 
0.6  g.  After  crystallization  from  alcohol  m.p.  120*.  From  the  filtrate  after  addition  of  dilute  hydrochloric 
acid  before  solution  of  the  methylaniline  was  isolated  a  further  0.2  g  ethyl  ester  of  hydroxyindanedionecaiboxylic 
acid.  M.p.  120*.  No  melting  point  depression  with  the  pure  compound. 

SUMMARY 

Reaction  of  aniline  with  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  gives,  depending  upon  the 
conditions,  either  only  phthalanil  or  a  mixture  of  the  latter  with  the  anil  of  the  above  ester.  When  the  prepared 
anil  of  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  is  saponified,  its  chlorine  is  simultaneously  replaced 
by  hydroxyl  and  the  anil  of  hydroxyindanedionecarboxylic  acid  is  formed.  Reduction  of  the  anil  of  the  ethyl 
ester  of  chloroindanedionecarboxylic  acid  gives  the  anil  of  the  ethyl  ester  of  indanedionecarboxylic  acid  which 
is  saponified  to  the  anil  of  indanedionecarboxylic  acid.  The  phenylimino  group  in  all  these  anils  is  very  firmly 
bound  and  is  split  off  only  when  the  molecule  is  completely  cleaved.  Reaction  of  methylaniline  with  the  ethyl 
ester  of  chloroindanedionecarboxylic  acid  gives  the  ethyl  ester  of  hydroxyindanedionecarboxylic  acid.  Thus 
the  chlorine  in  the  ethyl  ester  of  chloroindanedionecarboxylic  acid  is  easily  replaced  by  hydroxyl,  although  it 
could  not  be  replaced  by  the  amino  group. 
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MIXED  ESTERS  OF  A  RY  L  SU  LF  ON  IM  ID  O  PH  OS  PH  ORIC  ACIDS  AND  N  ON  -  ROT  A  T I  ON  A  L 


TETRAHEDRAL  ISOMERISM 

A.  V.  Kirsanov  and  V.  I.  Shevchenko 


The  nature  of  the  bond  between  the  atoms  of  nitrogen  and  phosphorus  in  phosphazo  compounds  has  hither¬ 
to  been  unclarified.  This  bond  may  be  single  and  completely  polarized  (-N'  —  P^  =  ),  it  may  be  double 
(—  N=  P=)  and  finally,  what  is  more  probable,  it  may  be  double  and  partly  polarized  (—  N’*^  =  P'*'^).  In  the 
first  case  (single  bond)  compounds  of  the  type  of  ArS02N"  -  P'*’  (RR'R")  must  exist  in  the  form  of  two  optically 
active  antipodes  and  one  racemic  compound,  while  compounds  of  the  type  of  ArS02N"=  P*’(RRR’)  cannot  have 
isomers.  In  the  second  case  (double  bond)  rotation  round  the  N  -  P  axis  becomes  impossible,  and  a  new  form 
of  isomerism  is  developed  which  is  a  combination  of  optical  and  a  special  type  of  cis-trans  isomerism.  Since 
this  form  of  isomerism  is  caused  by  hindrance  to  rotation  of  the  tetrahydedron  formed  by  the  substituents  at 
the  phosphorus  atom,  it  should  be  called  "non- rotational  tetrahedral  isomerism".  In  the  case  of  a  double  bond 
between  the  atoms  of  nitrogen  and  phosphorus,  compounds  of  the  type  of  ArS02N=  P(RR'R")  (I)  must  exist  in 
the  form  of  six  optically  active  isomers  and  three  racemates,  and  compounds  of  the  type  of  ArS02N=  P(RRR*) 

(11)  in  the  form  of  two  optically  active  isomers,  one  racemate  and  one  meso  compound.  In  the  case  of  partial 
polarization  the  number  of  isomers  of  compounds  of  types  (I)  and  (II)  will  depend  upon  the  magnitude  of  the 
energy  of  activation  of  rotation  round  the  N— P  axis,  i.e.  upon  the  degree  of  polarization  of  the  —  N  =  Ps  bond. 
Consequently,  by  studying  compounds  of  the  type  of  (I)  and  (II)  we  may  hope  to  elucidate  the  character  of  the 
bond  between  the  nitrogen  and  phosphorus  atoms  in  phosphazo  compounds. 

The  simplest  and  most  easily  accessible  compounds  of  type  (I)  and  (II)  are  mixed  esters  of  arylsulfonimido- 
phosphoric  acids  of  the  type  of  ArS02N=  P(OR)(OR')(OR")  (III)  and  ArS02N=  P(OR)2(OR')  (IV)  and  related 
compounds.  For  the  preparation  of  esters  of  types  (III)  and  (IV)  it  might  have  appeared  simplest  to  start  from 
trichlorophosphazo  compounds  and  gradually  replace  the  chlorine  atoms  by  various  OR  groups.  As  preliminary 
experiments  revealed,  this  method  is  associated  with  great  experimental  difficulties  since  the  intermediate 
products  of  the  types  of  ArS02N=  PCl2(OR)  and  ArS02N=  PCI  (OR*)  (OR)  do  not  distill  without  decomposition 
and  cannot  be  obtained  in  the  crystalline  state.  Compounds  of  types  (III)  and  (IV)  were  therefore  prepared 
by  a  method  which  had  previously  been  successfully  applied  to  the  preparation  of  trichlorophosphazosulphon- 
aryls  [1]  and  triarylphosphazosulfonaryls  [2];  this  is  the  action  of  sodium  salts  of  chloroamides  of  sulfonic  acids 
upon  the  appropriate  compounds  of  trivalent  phosphorus  according  to  the  scheme: 

ArSOjNNaCl  +  P(OR)(OR’)(OR")  — »-  NaCl  +  ArS02N=  P(OR")(OR’)(OR). 

For  verification  of  the  applicability  of  the  method,  triphenyl  phosphite  was  reacted  with  sodium  salts 
of  chloroamides  of  benzene  sulfonic  acid  and  naphthol  sulfonic  acids.  Very  good  yields  were  then  obtained 
of  the  triphenyl  esters  of  the  corresponding  arylsulfonimidophosphoric  acids  which  proved  to  be  identical  with 
the  products  obtained  by  phenoxylation  of  the  corresponding  trichlorophosphazosulfonaryls  [3], 

For  preparation  of  mixed  aromatic  esters  of  arylsulfonimidophosphoric  acids,  the  following,  previously 
undescribed,  mixed  esters  of  phosphorous  acid  were  synthesized:  o,m-dicresylphenyl  phosphite,  o,p-dicresyl- 
phenyl  phosphite,  and  m,m-dicresylphenyl  phosphite.  All  these,  like  the  triphenyl  ester  of  phosphorous  acid, 
react  easily  with  sodium  salts  of  chloroamides  of  benzene  and  S -naphthalene  sulfonic  acids.  These  esters 
(as  also  triphenyl  phosphite)  react  with  very  great  difficulty  with  the  sodium  salt  of  the  chloroamide  of 
a -naphthalene  sulfonic  acid. 

In  all,  five  mixed  esters  of  phenyl-,  o-tolyl-  and  S-naphthylsulfonimidophosphoric  acids  were  obtained. 
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All  were  obtained  in  yields  close  to  the  theoretical;  4  of  them  are  thick,  viscous  liquids  which  have  not  so  far 
been  isolated  in  crystalline  form  or  resolved  into  fractions  of  the  same  composition.  It  is  therefore  impossible 
to  draw  any  conclusions  as  to  whether  they  are  individual  substances  or  mixtures  of  racemates.  However,  one 
of  the  esters,  namely  the  o,m-dicresylphenyl  ester  of  phenylsulfonimidophosphoric  acid  CjH5S02N  = 

=  P((X:gH5)(C)CjH4CH3-o)(C)C,H4CHj-m)  (V),  obtained  in  97.4%  yield  in  the  form  of  a  viscous,  nearly  colorless 
liquid,  deposits  over  25  %crystalline  substance  with  m.p.  57-59*  after  standing  for  many  days.  Both  the  liquid 
and  the  crystalline  substance  have  the  composition  and  chemical  properties  corresponding  to  ester  (V).  Evident¬ 
ly  the  solid  substance  is  one  of  the  three  theoretically  possible  racemates  (V),  while  the  liquid  is  a  mixture  of 
racemates  (IV).  This  assumption  is  confirmed  by  the  synthesis  of  the  triphenyl  ester  of  phenylsulfonimidophos¬ 
phoric  acid,  CjH5S02N=  PfOCgHjls,  which  is  obtained  under  identical  conditions  in  97.6%  yield  in  the  very 
pure  state.  There  are  no  reasons  for  believing  that  o,m-dicresylphenyl  phosphite-(VI)  would  react  with  the 
sodium  salt  of  the  chloroamide  of  benzene  sulfonic  acid  (VII)  in  a  manner  fundamentally  different  from  that 
of  triphenyl  phosphite,  and  it  should  therefore  give  neutral  substances  of  the  same  composition  as  (V)  but  with 
fundamentally  different  structures.  Hence  it  follows  that  the  liquid  and  crystalline  products  of  reaction  of  (VI) 
and  (VII)  can  only  be  isomers  of  (V),  and  that  non-rotational  tetrahedral  isomerism  apparently  exists.  A  final 
solution  of  this  problem  must  await  further  experiments  on  other  aspects. 

The  properties  of  esters  of  the  types  of  (HI)  and  (IV)  are  described  in  the  experimental  section. 

EXPERIMENTAL 

Reaction  of  sodium  salts  of  chloroamides  of  aromatic  sulfonic  acids  with  esters  of  phosphorous  acid.  The 
speed  of  reaction  of  sodium  salts  of  chloroamides  of  aromatic  sulfonic  acids  with  triphenyl  phosphite  depends 
upon  the  aromatic  residue  of  the  sulfonic  acid.  The  sodium  salt  of  the  chloroamide  of  benzene  sulfonic  acid 
reacts  very  vigorously  with  triphenyl  phosphite  with  much  evolution  of  heat  and  resinification  of  the  reaction 
product.  For  avoidance  of  resinification  the  reaction  must  be  conducted  under  milder  conditions  in  presence 
of  solvents.  The  salt  of  the  chloroamide  of  0 -naphthalene  sulfonic  acid  reacts  less  energetically.  The  sodium 
salt  of  the  chloroamide  of  a -naphthalene  sulfonic  acid  reacts  very  sluggishly  with  triphenyl  phosphite.  The 
reaction  does  not  go  even  with  heating  on  a  water  bath.  The  reaction  velocity  depends  to  a  still  greater  extent 
upon  the  character  of  the  phosphazo- containing  compound.  Thus,  whereas  the  sodium  salt  of  the  chloroamide 
of  a -naphthalene  sulfonic  acid  reacts  very  energetically  with  phosphorus  trichloride,  with  the  dichloroanhydride 
of  the  phenyl  ester  of  phosphorous  acid  the  reaction  goes  perfectly  quietly,  with  the  chloroanhydride  of  diphenyl 
phosphite  the  reaction  only  goes  on  heating,  and  with  triphenyl  phosphite  the  reaction  does  not  go  even  at 
100*. 

Mixed  esters  were  prepared  by  introducing  into  a  50  ml  flask  0.01  mole  ester  of  phosphorous  acid  and 
5  ml  carbon  tetrachloride,  heating  the  mixture  to  50*  and  adding  in  several  portions  (0.5  g  each)  0.01  mole  an¬ 
hydrous  sodium  salt  of  the  chloroamide  previously  pulverized  to  a  fine  powder.  50  ml  carbon  tetrachloride 
was  run  into  the  reaction  mixture  which  was  then  stood  for  a  few  hours.  The  sodium  chloride  came  out  and  was 
separated  easily.  The  filtrate  was  evaporated  (the  carbon  tetrachloride  was  taken  off  in  vacuum)  on  a  water 
bath.  The  triphenyl  esters  came  down  in  the  crystalline  form  even  while  the  solvent  was  being  distilled  off. 

The  mixed  phenylcresyl  esters  are  obtained  in  the  form  of  viscous,  transparent,  oily  liquids,  which  are  nearly 
colorless  or  faint  yellow. 

The  following  esters  were  prepared  in  this  manner: 

The  triphenyl  ester  of  phenylsulfonimidophosphoric  acid  CgHsS02N=  P(OCgH5)g,  yield  4.53  g  (97.6%). 

After  one  recrystallization  from  alcohol  m.p.  85-36*.  A  mixed  sample  with  the  triphenyl  ester  prepared  from 
trichlorophosphazosulfonphenyl  and  sodium  phenolate  did  not  give  a  depression  of  melting  point. 

Triphenyl  ester  of  fl-naphthylsulfonimidophosphoric  acid  B-CjoHySOgN^  P(OCgH5)s,  yield  4.76  g  (92.4%). 

After  crystallization  from  alcohol  m.p.  90-91*.  A  mixed  sample  with  the  ester  prepared  from  0  -trichlorophos- 
phazosulfonaphthyl  and  sodium  phenolate  did  not  give  a  depression  of  melting  point.  > 

m,m-Dicresylphenyl  ester  of  phenylsulfonimidophosphoric  acid,  CgHsSOgN=  P(OCjH)(OC4H4CH3-m)2, 
yield  4.8  g  (97.4%).  A  viscous,  non- crystallizing,  oily  liquid.  At  room  temperature  it  is  miscible  in  all  pro¬ 
portions  with  benzene,  acetone,  alcohol,  carbon  tetrachloride  and  ether;  insoluble  in  water  and  ligroine. 

Found  %;  N  2.69,  2.68.  C26H24O5NSP.  Calculated  %:  N  2.84. 

o,p-Dicresylphenyl  ester  of  phenylsulfonimidophosphoric  acid,  C4H5S02N=  P(OC4H5XOC4H4CH3-o)- 
-((X:4H4CH3-p),  yield  4.87  g  (98.7%).  A  viscous,  transparent,  non-r'ystallizing  liquid.  Mixes  in  all  proportions 


with  benzene,  acetone,  alcohol  and  ether.  Insoluble  in  water  and  ligroine. 

Found  N  2.70,  2.72.  CzgHj^NSP.  Calculated  °loi  N  2.84. 

o.m-Dicresylphenyl  ester  of  o-tolylsulfonimidophosphoric  acid,  o-CH3CjH4S02N  = 

=  P(C)CgH5)(OC5H4CH3-o)(C)CgH4CH3-m),  yield  97.4%.  Viscous  liquid.  Was  not  analyzed. 

o.m-Dicresylphenyl  ester  of  fl -naphthylsulfonimidophosphoric  acid,  0 -CjoHySOgN  = 

=  P(OCjH5)(OC5H4CH3-o)(OCjH4CH3-m),  yield  92.4%.  Viscous  liquid.  Was  not  analyzed. 

o,m-Dicresylphenyl  ester  of  phenylsulfonimidophosphoric  acid,  CjHjSOjN  = 

=  P(OC5H5)(OC5H4CH3-o)(OC5H3CH3-m),  yield  4.80  g  (97.4%).  A  viscous,  oily  liquid. 

Found  %:  N  2.68,  2.75.  C2eH2405NSP.  Calculated  %:  N  2.84. 

The  ester  slowly  crystallizes  on  standing  and  is  gradually  converted  into  a  semicrystalline  slurry.  For 
isolation  of  the  crystalline  portion,  the  product  was  dissolved  in  a  small  amount  of  alcohol  and  cooled  in  a 
mixture  of  snow  and  salt.  An  oily  layer  was  formed  which  readily  crystallized  (sometimes  only  after  prolonged 
cooling).  The  crystals  were  collected  and  thoroughly  pressed  between  sheets  of  filter  paper.  The  substance 
comes  down  from  ligroine  in  the  form  of  long,  slender  needles  radiating  from  a  single  point,  m.p,  57-59*. 

Yield  25'  35%  of  the  total  mass.  The  crystals,  also  the  liquid  product,  are  very  soluble  in  alcohol,  acetone, 
benzene,  carbon  tetrachloride  and  ether;  insoluble  in  water  and  cold  ligroine,  difficultly  soluble  in  hot  ligroine 
(about  0.1  g  in  100  ml). 

Found  %:  N  2.82,  2.94,  C26H24O3NSP.  Calculated  %:  N  2.84. 

Chemically  the  mixed  aromatic  esters  are  stable  substances  with  properties  like  those  of  the  triphenyl 
and  tricresyl  esters  [3].  On  alkaline  hydrolysis  the  mixed  phenylcresyl  esters  are  saponified  with  the  same  ease 
as  the  phenyl  or  the  cresyl  ester  groups  with  formation  of  mixtures  of  acid  esters. 

Preparation  of  mixed  esters  of  phosphorous  acid.  A  stream  of  dry  carbon  dioxide  was  passed  at  room 
temperature  through  a  mixture  of  0.5  mole  phenyl  phosphite  dichloroanhydride  (97.5  g)  and  0.5  mole  of 
the  appropriate  cresol  for  3  hours.  The  mixture  was  then  heated  on  a  boiling  water  bath  for  1  hour  without 
interrupting  the  flow  of  carbon  dioxide.  When  evolution  of  hydrogen  chloride  had  ceased,  the  mixture  was 
twice  distilled  in  a  column  in  vacuum.  A  first  fraction  boiling  within  a  5*  range  was  collected,  and  a  second 
fraction  boiling  within  2-3*. 

The  prepared  monochloroanhydrides  of  the  cresylphenyl  phosphites  were  subjected  to  the  same  treatmeht 
in  the  case  of  each  cresol.  Yield  about  80%. 

All  the  intermediate  products  and  all  the  mixed  esters  of  phosphorous  acid  prepared  by  this  method  ate 
viscous,  colorless  liquids.  o.m-Dicresylphenyl  phosphite,  b.p.  215-217*  at  5  mm;  o,p-dicresylphenyl  phosphite, 
b.p.  212-214*  at  5  mm;  m,m-dicresylphenyl  phosphite,  b.p.  210-215*  at  4  mm;  chloroanhydride  of  m-cresyl- 
phenyl  phosphite,  b.p.  158-159*  at  5  mm;  chloroanhydride  of  p-cresylphenyl  phosphite,  b.p.  153-154*  at 
4  mm. 


SUMMARY 

1,  The  question  of  the  existence  of  non- rotational  tetrahedral  isomerism  is  posed. 

2,  Mixed  esters  of  arylsulfonimidophosphorous  acids  are  prepared. 

3,  The  o,m-dicresylphenyl  ester  of  phenylsulfonimidophosphoric  acid  is  obtained  in  the  form  of  two 
isomers  —  a  liquid  and  a  crystalline  substance;  this  may  be  attributed  to  non-rotational  tetrahedral  isomerism. 
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ACETYLENE  DERIVATIVES 

170.  HETEROCYCLIC  COMPOUNDS.  XXXI.  SYNTHESIS  AND  TRANSFORMATIONS  OF  HETEROCYCLIC 

ACETYLENIC  y -GLYCOLS 

I.  N.  Nazarov  and  L.  N.  Ivanova 


Some  years  ago  in  our  laboratory  the  condensation  was  realized  of  acetylene  and  of  vinylacetylene  with 
various  heterocyclic  ketones  (tetrahydro-y-pyrones,  tetrahydro-y-thiopyrones,  y-piperidones),  and  in  this  way 
the  corresponding  heterocyclic  acetylenic  and  vinylacetylenic  alcohols  were  obtained  for  the  flrit  time  [1-3]. 
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It  appeared  of  interest  to  apply  this  condensation  also  to  the  synthesis  of  heterocyclic  acetylenic  y -glycols, 
which  had  not  hitherto  been  investigated  at  all.  On  condensation  of  l,2,5-trimethyl-4-piperidone  (I)  with  di- 
methylethynylcarbinol  (II)  in  presence  of  pulverized  potassium  hydroxide,  a  60%  yield  of  the  unsymmetrical 
acetylenic  y -glycol  (III)  was  obtained.  After  addition  of  1  mole  hydrogen  to  this  acetylenic  glycol  in  presence 
of  Pd  catalyst,  hydrogenation  slowed  down  abruptly  and  the  olefinic  glycol  (IV)  was  formed.  Exhaustive  hydro¬ 
genation  of  the  acetylenic  glycol  (IID  in  presence  of  Ni  catalyst  under  low  pressure  of  hydrogen  (8-10  atm.)  at 
room  temperature  led  to  nearly  quantitative  formation  of  the  saturated  glycol  (V);  heating  of  the  latter  with 
10%  sulfuric  acid  gave  about  90%  yield  of  the  tetrahydrofuran  derivative  (VI): 
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All  these  transformations  take  placffin  a  sir^lar  manner  also  with  the  acetylenic  y -glycol  (VIII)»  wfricb 
is  obtained  by  condensation  of  l,2,5-trimethyl-4-piperidone  (I)  with  ethynylcyclohexanol  (VII): 
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The  prepared  tetrahydrofuran  derivatives  (VI)  and  (XI)  contain  a  piperidine  and  tetrahydrofuran  ring 
linked  by  a  common  spiroatom  of  carbon.  A  similar  link  between  these  rings  is  also  found  in  the  morphine 
molecule.  Physiological  tests  of  the  crystalline  methoiodides  showed,  however,  that  these  preparations  do  not 
possess  a  sedative  action.  Esterification  of  the  acetylenic  glycols  (III)  and  (VIII)  with  acid  chlorides  by  the 
method  of  Spassow  [4]  gave  a  series  of  monoesters  for  pharmacological  investigations.  Thus,  by  the  action  of 
acetyl  chloride  upon  glycol  (III)  in  presence  of  metallic  magnesium  in  anhydrous  benzene,  a  63%  yield  of  the 
monoacetate  (XII)  was  obtained.  Other  partial  esters  of  this  glycol  were  similarly  prepared  —  the  propionate 
(Xllli,  benzoate  (XIVi  and  p-nitrobenzoate  (XV).  Reaction  of  benzoyl  chloride  with  glycol  (VIII)  gave  under 
similar  conditions  the  monobenzoate  (XVI): 
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(XII),  R  =  CHj;  (XIII),  R  =  C,Hj  (XIV),  R  =  C,H.;  (XV),  R  =  CeHiNO,-" 

Condensation  of  the  acetylenic  alcohols  (II)  and  (VII)  with  tetrahydro-y-pyrones  and  tetrahydro-y-thio- 
pyrones  goes  less  smoothly,  apparently  due  to  the  lower  stability  of  these  heterocyclic  ketones  in  presence  of 
caustic  alkali.  Thus,  for  example,  condensation  of  2,2-dimethyltetrahydro-4-pyrone  (XVII)  with  dimethyl- 
ethynylcarbinol  (II)  in  presence  of  powdered  potassium  hydroxide  gave  the  acetylenic  glycol  (XIX)  in  a  yield 
of  only  30%: 
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Condensation  of  the  more  alkali-resistant  pypnol  (XVIII)  with  acetone  gives  the  acetylenic  glycol  (XIX) 
in  72.5%  yield.  Selective  hydrogenation  of  the  acetylenic  glycol  (XIX)  with  Pd  catalyst  (1  mole  hydrogen)  leads 
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to  formation  of  the  olefinic  glycol  (XX),  while  exhaustive  hydrogenation  of  the  acetylenic  glycol  (XIX)  with 
Ni  Catalyst  gives  the  saturated  glycol  (XXI).  On  condensation  of  2,2-dimethyltetrahydro-4-pyrone  (XVII)  with 
ethynylcyclohexanol  (VII)  under  the  influence  of  potassium  hydroxide,  the  acetylenic  glycol  (XXII)  is  formed 
in  23%  yield,  whereas  condensation  of  the  acetylenic  pyranol  (XVIII)  with  cyclohexanone  gives  the  acetylenic 
glycol  (XXII)  in  41%  yield: 


HO  CiiC-j/ 

X  OH^ 

I^CH. 


r 


r 


o  ^CH, 


(XXII) 


HO  CH,-CHi-/ 

X  Sir-' 

I/™- 

O  ^CH, 

(XXIII) 


Exhaustive  hydrogenation  of  the  acetylenic  glycol  (XXII)  in  presence  of  Ni  catalyst  under  a  low  hydrogen 
pressure  (5-10  atm.)  leads  to  formation  of  the  saturated  glycol  (XXIII). 

The  above-described  condensations  of  acetylenic  alcohols  (II)  and  (VII)  with  the  heterocyclic  ketones 
(1)  and  (XVII)  are  seriously  complicated  by  simultaneous  disproportionation  reactions  which  lead  to  a  mixture  of 
various  products: 
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The  nature  of  the  equilibriurh  in  these  reversible  processes  is  determined  by  the  speed  of  the  oppositely 
directed  reactions  of  condensation  and  breakdown,  as  well  as  by  the  stability  of  the  individual  components 
towardr  caustic  alkali.  The  disproportionation  reactions  during  condensation  of  l,2,5-trimethyl-4-piperidone 
(I>  and  of  2,2-dimethyltetrahydropyran-4-one  (XVII)  with  dimethylethynylcarbinol  (II)  leads  to  formation  in 
about  10%  yield  of  the  heterocyclic  acetylenic  alcohols  (XXIV)  and  (XVIII)  side  by  side  with  the  acetylenic 
glycols  (III)  and  (XIX): 
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A  particularly  marked  influence  of  disproportionation  is  revealed  in  the  condensation  of  acetylenic 
alcohols  (II)  and  (VII)  with  2,2-dimethyltetrahydrothiopyran-4-one  (XXV)  when  it  is  impossible  to  separate 
the  expected  heterocyclic  acetylenic  glycols  (XXVI)  and  (XXVII),  and  in  their  place  only  tetramethyl- 
butynediol  (XXVIII)  and  dihydroxycyclohexylacetylene  (XXIX)  are  obtained: 
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The  acetylenic  glycols  (XXVI)  and  (XXVII)  with  a  tetrahydrothiopyran  ring  could  be  obtained  in  a  yield 
of  about  40%  only  by  the  Grignard-Iotsich  method  [5]~  reaction  of  2,2-dimethyltetrahydrothiopyran-4-one 
(XXV)  with  magnesium  derivatives  of  the  acetylenic  alcohols  (II)  and  (VII). 

It  was  of  interest  also  to  synthesize  unsymmetrical  acetylenic  y -glycols  whose  molecule  contain  two 
different  heterocycles.  Reaction  of  l,2,5-trimethyl-4-piperidone  (I)  with  2,2-dimethyl-4-ethynyltetrahydro- 
pyran-4-ol  (XVIII)  in  presence  of  potassium  hydroxide  gave  a  71%  yield  of  the  unsymmetrical  heterocyclic 
acetylenic  y-glycol  (XXX)  containing  a  piperidine  and  a  tetrahydropyran  ring: 
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Selective  hydrogenation  of  the  acetylenic  glycol  (XXX)  (1  mole  hydrogen)  in  presence  of  Pd  catalyst 
gave  the  olefinic  glycol  (XXXI),  while  exhaustive  hydrogenation  with  Ni  catalyst  led  to  the  saturated  glycol 
(XXXII): 
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An  attempt  to  prepare  the  acetylenic  glycol  (XXX)  by  condensation  of  2,2-dimethyltetrahydropyran-4- 
one  (XVII)  with  the  a-  and  6 -isomers  of  l,2,5-trimethyl-4-ethynyl-4-piperidol  (XXIV)  revealed  a  difference 
in  the  behavior  of  these  geometrical  isomers: 
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Condensation  of  ketone  (XVII)  with  the  high-melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol 
(XXIV)  (m.p.  177-178*)  gives  glycol  (XXX)  although  in  lower  yield  than  in  the  case  of  condensation  of  piperidone 
(I)  with  pyranol  (XVIII).  Apart  from  the  glycol  (XXX)  this  reaction  also  gives  2,2-dimethyl-4-ethynyltetra- 
hydropyran-4-ol  (XVIII)  whose  formation  provides  confirmation  of  the  disproportionation  of  the  original  piperidol 
(XXIV).  On  condensation  of  ketone  (XVII)  with  the  low-melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol 
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(XXIV)  (rn.p,  110-111*),  the  only  product  detected  is  a  viscous  substance,  rapidly  darkening  in  the  air  and 
containing  traces  of  nitrogen.  These  results  show  that  the  low-melting  isomer  of  l,2,5-trimethyl-4-ethynyl- 
4-pipcridol  (XXIV)  enters  with  greater  difficulty  into  condensation  with  ketones;  this  behavior  is  undoubtedly 
associated  with  its  spatial  structure.  Condensation  of  l,2,5-trimethyl-4-piperidone  (I)  with  2, 2- dim  ethyl -4- 
ethynyltetrahydrothiopyran-4-ol  (XXXIII)  gave  a  46%  yield  of  the  acetylenic  y-glycol  (XXXIV)  which 
contains  a  piperidine  and  a  tetrahydrothiopyran  ring: 
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Interesting  results  were  obtained  on  attempting  to  synthesize  the  acetylenic  glycol  (XXXVI)  by  con-, 
densation  of  l,2,5-trimethyl-4-piperidone  (I)  with  2,5-dimethyl-4-ethynyltetrahydrothiopyran-4-ol  (XXXVII). 
In  place  of  the  expected  acetylenic  y-glycol  (XXXVI)  this  reaction  gave  only  disproportionation  products,  i.e. 
l,2,5-trimethyl-4-ethynyl-4-piperidol  (XXIV)  and  2,5-dimethyltetrahydrothiopyran-4-one  (XXXVIII): 
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It  is  interesting  to  note  that  on  carrying  out  this  condensation  in  presence  of  powdered  potassium  hydroxide, 
the  high-melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol  (XXIV)  with  m.p.  177-180*  was  obtained, 
while  condensation  in  liquid  ammonia  gave  the  low-melting  isomer  of  the  piperidol  (XXIV)  with  m.p.  110-111*. 
Synthesis  of  symmetrical  heterocyclic  acetylenic  y -glycols  was  realized  by  condensation  of  heterocyclic  ketones 
with  appropriate  heterocyclic  acetylenic  alcohols,  whereas  condensation  of  heterocyclic  ketones  with  acetylene 
leads  to  formation  only  of  heterocyclic  acetylenic  alcohols.  Reaction  of  l,2,5-trimethyl-4-piperidone  (I)  witli 
the  low-melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol  (XXIV)  (m.p.  110-111*)  in  presence  of 
powdered  potassium  hydroxide  gave  a  22%  yield  of  the  symmetrical  y-glycol  (XXXIX)  which  contains  two 
piperidine  rings: 
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Catalytic  hydrogenation  of  the  acetylenic  glycol  (XXXIX)  with  Pd  catalyst  goes  very  slowly;  after  absorp¬ 
tion  of  1  mole  hydrogen  the  reaction  stops  and  the  ethylenic  glycol  (XL)  is  formed.  Similarly,  the  condensation 
of  2,2-dimethyltetrahydropyran-4-one  (XVII)  with  2,2-dimethyl-4-ethynyltetrahydropyran-4-ol  (XVIII)  gave  the 
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symmetrical  acetylenic  y -glycol  (XLI)  which  contains  two  tetrahydropyran  rings.  Selective  hydrogenation  of 
this  acetylenic  glycol  with  Pd  catalyst  gave  the  ethylenic  glycol  (XLII): 
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The  poor  resistance  of  2.2-dimethyltetrahydrothiopyran-4-one  to  caustic  alkali  makes  difficult  the 
syntliesis  of  sulfur-containing  acetylenic  y -glycols  by  the  A.  E.  Favorsky  reaction.  A  single  example  of  the 
preparation  of  a  glycol  of  this  type  by  condensation  of  thiochromanone  with  acetylene  in  presence  of  potassium 
hydroxide  is  described  in  the  literature  [2a].  We  attempted  to  realize  the  synthesis  of  the  symmetrical  acetylenic 
y -glycol  (XLin),  which  contains  two  tctrahydrothiopyran  rings,  by  condensation  of  2,2-dimethyltetrahydro- 
thiopyran-4-one  (XXV)  with  2,2-dimethyl-4-ethynyltetrahydrothiopyran-4-ol  (XXXIIl)  by  the  lotsich  reaction. 

It  was  found,  however,  that  the  compound  obtained  in  good  yield  is  not  the  expected  glycol  (XLIII)  but  the  pro¬ 
duct  of  its  dehydration  (XLIV): 
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We  also  observed  the  formation  of  this  product  in  the  synthesis  of  2,2-dimethyl-4-ethynyltetrahydrothio- 
pyran-4-ol  (XXXIIl)  by  condensation  of  2,2-dimethyltetrahydrothiopyran-4-one  (XXV)  with  acetylene  in  presence 
of  potassium  hydroxide. 


EXPERIMENTAL 

Acetylenic  glycol  (III).  In  a  three-necked  round- bottomed  flask,  fitted  with  stirrer,  reflux  condenser, 
thermometer  and  dropping  funnel,  were  placed  50  g  powdered  potassium  hydroxide  and  500  ml  anhydrous  ether. 
At  a  temperature  of  — 4*  and  with  intensive  stirring  gradual  addition  was  made  to  the  flask  of  a  mixture  of  42  g 
l,2,5-trimethyl-4-piperidone  (I)  [7]  (b.p.  82*  at  12  mm,  np  1.4590)  and  25  g  dimethylethynylcarbinol  (II)* 

(b.p.  103-104*.  np  1.4210),  dissolved  in  300  ml  anhydrous  ether.  Stirring  of  the  reaction  mass  while  cooling  the 
flask  with  iced  water  was  continued  for  9  hours,  after  which  the  mass  was  left  overnight.  The  next  day  stirring 
at  room  temperature  was  carried  out  for  5  hours;  then  at  — 4*  50  ml  water  was  added  and  stirring  carried  out  for 
another  Vz  hour.  The  ether  layer  was  separated,  the  aqueous  layer  was  extracted  with  ether,  and  the  combined 
ether  extract  was  neutralized  with  carbon  dioxide  and  dried  with  calcined  potassium  carbonate.  After  distilling 
off  the  ether,  the  viscous,  dark-red  product  was  fractionated  in  vacuum  to  give  the  following  fractions;  1)  37-40* 
at  150  mm;  ng  1.4212,  4.6  g;  2)  80-84*  at  12  mm;  ng  1.4605,  8.8  g;  3)  105-118*  at  3  mm,  5.1  g;  4)  152-154* 
at  2.5  mm,  40.5  g. 

The  1st  fraction  was  the  original  dimethylethynylcarbinol  (II),  and  the  2nd  fraction  was  the  original  piper- 
idone  (I).  Cooling  of  the  3rd  fraction  led  to  separation  of  2.4  g  high-melting  isomer  of  l,2,5-trimethyl-4- 
ethynyl-4-piperidol  (XXIV)  [8]  with  m.p.  176-178*.  Redistillation  of  the  4th  fraction  gave  36  g  pure  acetylenic 
glycol  (III)  in  the  form  of  a  non-mobile,  vitreous  mass  with  b.p.  148-149*  at  2  mm. 

Found  <7o:  C  69.13,  68.99;  H  10.45.  10.57;  N  6,23,  6.30,  CijHzjOjN.  Calculated  fo:  C  69.33;  H  10.22; 

N  6.22. 

The  yield  of  glycol  reckoned  on  the  reacted  piperidone  was  15.1%;  on  the  piperidone  taken  it  was  60%. 

The  methoiodide  of  acetylenic  glycol  (III)  melts  at  199-201*  (from  alcohol). 

Found  7o:  N  3.45,  3.72.  Ci4H2g02NI.  Calculated  %:  N  3.81. 

Acetylenic  glycol  (VIII).  Amounts  taken  were  84  g  powdered  potassium  hydroxide  and  500  ml  anhydrous 
•  Prepared  by  condensation  of  acetone  with  acetylene  by  A.  E,  Favorsky's  method  [6]. 
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ether;  into  this  mixture  was  gradually  run  a  mixture  of  70  g  l,2,5-trimethyl-4-piperidone  (I)  and  62  g  ethynyl- 
cyclohexanol  (VII)  (b.p.  76-77*  at  15  mm,  np  1.4805)*  in  400  ml  anhydrous  ether.  The  reaction  was  conducted 
as  described  above  and  gave  25  g  starting  ethynylcyclohexanol  (VII)  with  b.p.  74-79*  at  15  mm,  27  g  original 
piperidone  (I)  with  b.p.  44-47*  at  3  mm,  and  60  g  acetylenic  glycol  (VIII)  in  the  form  of  a  very  viscous,  vitreous 
mass  with  b.p.  170-171*  at  1  mm. 

Found  <%-.  C  71.52,  71.73;  H  10.07,  10.34;  N  5.23,  5.03.  qeHjyOjN.  Calculated  C  72.40;  H  10.25; 

N  5.27. 

The  yield  on  the  piperidone  reacted  was  73‘7o;  yield  on  piperidone  taken  45*70. 

The  methiodide  of  the  acetylenic  glycol  (VIII)  melts  at  226 -228* (from  alcohol). 

Found  <7o:  N  3.57,  3.73.  CitHjoOjNI.  Calculated  *7):  N  3.44. 

Ethylenic  glycol  (IV).  2.5  g  acetylenic  glycol  (III)  (b.p.  148-149*  at  2  mm)  was  hydrogenated  in  a 
solution  of  30  ml  alcohol  in  presence  of  Pd  catalyst  on  calcium  carbonate.  In  the  course  of  40  minutes  279  ml 
hydrogen  was  absorbed  (20*.  742  mm),  and  hydrogenation  was  interrupted.  The  catalyst  was  filtered  off,  the 
alcohol  was  distilled  off,  and  the  viscous,  light-yellow  residue  was  distilled  in  vacuum  to  give  2.2  g  ethylenic 
glycol  (IV)  with  b.p.  145-146.5  at  2  mm;  it  partly  crystallized.  Two  recrystallizations  from  ligroine  (b.p.  45- 
60*)  gave  1.1  g  ethylenic  glycol  (IV)  with  m.p.  155-156*. 

Found  <%:  C  69.02,  68.88;  H  11  10,  11.14;  N  6.32,  6.39;  OH  15.23,  14.80  (by  the  Chugaev-Tserevitinov 
method).  CijH23(OH)2N.  Calculated  C  68.72;  H  11.01;  N  6.16;  OH  14.96. 

The  hydrochloride  of  the  ethylenic  glycol  (IV)  melts  at  171-173*  (from  alcohol). 

Found  <7o:  N  5.23,  5,42.  CijH2402NCl.  Calculated  %:  N  5.31. 

Saturated  glycol  (V).  6.8  g  acetylenic  glycol  (III)  in  50  ml  ethyl  alcohol  was  hydrogenated  in  presence 
of  Ni  catalyst  in  an  autoclave  at  8-10  atm.  at  room  temperature.  Amount  of  hydrogen  absorbed  was  1337  ml 
compared  with  1354  ml  required  for  saturation  of  the  triple  bond.  The  catalyst  was  filtered  off,  the  alcohol 
was  driven  off,  and  the  product  was  vacuum-distilled.  There  was  obtained  6.4  g  saturated  glycol  (V)  in  the 
form  of  a  very  viscous  liquid,  b.p.  141-142*  (2  mm). 

Found  C  67.74,  67.70;  H  11.90,  12.00;  N  6.09,  5.91.  C1SH27O2N.  Calculated  *7):  C  68.07;  H  11.87; 

N  6.10. 

Ethylenic  glycol  (IX).  13.3  g  acetylenic  glycol  (VIII),  b.p.  170-171*  (1  mm),  dissolved  in  60  ml  anhydrous 
ethyl  alcohol,  was  hydrogenated  in  the  presence  of  a  Pd  catalyst  supported  in  calcium  carbonate.  In  the  course 
of  2  hours  45  minutes  1310  ml  hydrogen  (28*,  743  mm)  was  absorbed,  and  the  hydrogenation  was  interrupted. 

The  catalyst  was  filtered  off,  the  alcohol  was  driven  off  under  reduced  pressure  and  the  residue  in  the  flask 
partially  solidified.  There  were  obtained  7.5  g  acicular  crystals  with  m.p.  147-148*  (after  two  reciystallizations 
from  alcohol)  and  5.6  g  of  a  vitreous  mass,  m.p.  170-171*  (2  mm). 

Found  N  5.28,  5.29;  OH  12.85,  13.58  (Chugaev-Tserevitinov).  Ci5H27(OH2)N.  Calculated  N  5.24; 
OH  12.72. 

The  methiodide  of  the  crystalline  ethylenic  glycol  (IX)  has  m.p.  270.5*  (from  alcohol). 

Saturated  glycol  (X).  13.3  g  acetylenic  glycol  (VIII)  in  40  ml  ethyl  alcohol  was  hydrogenated  in  the 
presence  of  a  Ni  catalyst  in  an  autoclave  under  9-10  atm  pressure  at  room  temperature.  In  the  course  of  4 
hours  2470  ml  hydrogen  was  absorbed  compared  with  2240  ml  required  for  saturation  of  the  triple  bond.  The 
catalyst  was  filtered  off,  the  alcohol  driven  off,  and  the  product  vacuum -distilled.  There  was  obtained  10.7  g 
saturated  glycol  (X)  in  the  form  of  a  vitreous  mass,  b.p.  172-173*  (2  mm). 

Found  C  71.11,  70.85;  H  11.46,  11,34.  CigHji^N.  Calculated  C  71.32;  H  11.60. 

The  methiodide  of  the  saturated  glycol  (X)  had  m.p.  234*  (from  alcohol). 

Furan  derivative  (VI).  A  mixture  of  2.3  g  saturated  glycol  (V)  (b.p.  141-142*  at  2  mm)  and  30  ml  of 
10*70  sulfuric  acid  was  heated  with  stirring  over  a  boiling  water  bath  for  4  hours.  At  the  conclusion  of  the  re¬ 
action,  the  solution  was  evaporated  in  vacuum  and  the  residue  saturated  with  potassium  carbonate  and  thrice 

•  Prepared  by  condensation  of  cyclohexanone  with  acetylene  by  A.  E.  Favorsky's  method. 
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extracted  with  ether.  The  ethereal  extract  was  dried  with  calcined  potassium  carbonate,  and  after  removal 
of  the  solvent  the  residue  was  distilled  in  vacuum  to  give  1.9  g  furan  derivative  (VI)  in  the  form  of  a  mobile 
yellow  liquid  with  b.p.  101-102*  at  6  mm. 

ng  1.4665,  d$®  0.9229,  MRp  63.48;  calc.  63.42. 

Found  C  73.89  ,  73.76;  H  12.02,  11.96;  N  6.60,  6.44.  qjHjsON.  Calculated  C  73.88;  H  11.92; 

N  6.63. 

Methiodide  of  furan  compound  (VI),  (from  alcohol)  had  m.p.  294-295*. 

Furan  derivative  (XI).  A  mixture  of  5.2  g  saturated  glycol  (X)  (b.p.  172-173*  at  2  mm)  in  60  ml  I 

sulfuric  acid  was  heated  over  a  boiling  water  bath  with  vigorous  stirring  for  3.5  hours.  When  the  reaction  was  j 

complete,  the  solution  was  steamed  down  under  reduced  pressure,  the  residue  was  saturated  with  potash  and 
extracted  repeatedly  with  ether.  The  ethereal  solution  was  dried  over  calcined  potash  and  after  the  ether  was  ) 

driven  off,  the  product  was  vacuum-distilled.  Furan  compound  (XI)  was  obtained  in  the  form  of  a  viscous,  [ 

dark -yellow  liquid,  b.p.  127-128*  at  2  mm.  ; 

nfj  1.4p22,  dj®  0.9754,  MRp  74.80;  calc.  75.07. 

! 

Found  <5b:  N  5.36,  5.37.  CieHjgON.  Calculated  N  5.57.  [ 

The  methiodide  of  furan  derivative  (XI)  melts  at  272-273*  (from  alcohol).  j 

Monoacetate  (XII).  A  solution  of  8  g  acetylenic  glycol  (III)  and  5.6  ml  acetyl  chloride  in  100  ml  i 

benzene  was  heated  in  presence  of  0.9  g  metallic  magnesium  for  6  hours  while  boiling  vigorously.  The  excess  ' 

acetyl  chloride  and  benzene  were  distilled  off  in  vacuum,  50  ml  water  was  run  into  the  residue,  the  magnesium  | 

was  filtered  off,  and  the  neutral  products  were  extracted  from  the  acid  solution.  The  aqueous  solution  was  then  | 

treated  with  potassium  carbonate,  the  supernatant  oily  layer  was  extracted  with  ether,  and  after  driving  off  the  | 

ether  the  product  was  distilled  in  vacuum  to  give  6  g  of  monoacetate  (XII)  with  b.p.  117-118*  at  3  mm. 

nfj  1.4710,  dj®  1.001,  MRp  73.98;  calc.  74.2. 

Found  C  67.10,  67.10;  H  9.44,  9.48;  N  5.64,  5.36.  CisHjsOjN.  Calculated  C  67.38;  H  9.43;  | 

N  5.24. 

I 

Monopropionate  (XIII).  A  mixture  of  6.75  g  of  acetylenic  glycol  (III),  5.7  ml  propionyl  chloride,  80  ml 
anhydrous  benzene,  and  0.72  g  of  metallic  magnesium  was  heated  for  6  hours  with  vigorous  boiling  of  the  re¬ 
action  mass.  The  product  was  treated  the  same  as  above,  and  we  obtained  4  g  of  the  monopropionate  (XIII), 
b.p.  127-128*  at  3  mm. 

ng  1.4695,  d$®  0.9933,  MRp  78.96;  calc.  78.94. 

Found  N  4.78,  4.76.  CieH^CjN.  Calculated  N  4.97.  ^ 

Monobenzoate  (XIV).  A  mixture  of  6.75  g  acetylenic  glycol  (III),  7.6  ml  benzoyl  chloride,  and  100  ml 
of  anhydrous  benzene  in  the  presence  of  0.72  g  of  metallic  magnesium  was  heated  with  vigorous  boiling  for 
7  hours.  After  the  usual  treatment  and  distillation  of  the  ether,  the  residue  solidified.  We  obtained  4.2  g  of  , 

the  monobenzoate  (XIV),  m.p.  160-160.5*  (from  anhydrous  benzene). 

I 

Found  C  72.90,  72.98;  H  8.24,  8.32;  N  4.58,  4.48.  CjoHjrOjN.  Calculated  °loi  C  72.92;  H  8.26; 

N  4.25.  ’ 

p-Nitrobenzoate  (XV).  A  mixture  of  6.75  g  acetylenic  glycol  (III),  12.2  g  p-nitrobenzoyl  chloride, 
and  160  ml  anhydrous  benzene  was  heated  in  the  presence  of  0.72  g  metallic  magnesium  with  vigorous  boiling 
of  the  reaction  mixture.  The  product  was  treated  as  described  for  the  monoacetate  (XII)  synthesis.  After  the 
ether  was  driven  off,  the  residue  partially  solidified.  There  was  obtained  1.35  g  p-nitrobenzoate  (XV)  with 
m.p.  188*  (from  anhydrous  alcohol).  ) 

Found  N  7.20,  7.42.  CioHjjOjNj.  Calculated  N  7.48.  | 

The  hydrochloride  of  the  p-nitrobenzoate  (XV)  melts  at  160-161*.  ‘v 

Found  Cl  8.90,  8.75.  CjoHjtOsNjCI.  Calculated  Cl  8.63.  * 

Monobenzoate  (XVI).  A  mixture  of  8.5  g  of  acetylenic  glycol  (VIII),  8.9  ml  benzoyl  chloride  and  100ml  J 
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anhydrous  benzene  was  heated  in  the  presence  of  0.77  g  metallic  magnesium  for  5  hours  with  boiling  of  the 
reaction  mass.  Crystals  appeared  at  the  bottom  of  the  flask  towards  the  end  of  the  heating.  The  product  was 
worked  up  as  described  above.  After  distillation  of  the  ether  the  residue  partly  crystallized.  There  was  ob¬ 
tained  4.8  g  benzoate  (XVI)  with  m.p.  158*  (from  ligroine). 

Found  C  74.38,  74.61;  H  8.57,  8.16;  N  4.03,  3.74.  CjjHsiOjN.  Calculated  fo:  C  74.76;  H  8.45; 

N  3.79. 

Acetylenic  glycol  (XIX).  a)  In  a  three -necked  flask,  fitted  with  stirrer,  reflux  condenser,  thermometer 
and  dropping  funnel,  were  placed  50.4  g  powdered  potassium  hydroxide  and  500  ml  anhydrous  ether.  At  a 
temperature  of  “4*  and  with  continuous  stirring,  addition  was  made  of  a  mixture  of  25.2  g  dimethylethynyl- 
carbinol  (II)  and  38.5  g  2,2-dimethyItetrahydropyran-4-one  (XVII)  [9]  (b.p.  174-176*,  n^  1.4470)  in  250  ml 
anhydrous  ether.  Stirring  while  cooling  with  iced  water  was  continued  for  10  hours,  after  which  the  reaction 
mass  was  left  overnight.  The  next  day  stirring  was  carried  out  at  room  temperature  for  another 5  hours.  Then 
with  iced  water  cooling  and  stirring,  100  ml  water  was  introduced;  the  aqueous  layer  was  saturated  with 
potassium  carbonate  and  extracted  many  times  with  ether.  The  combined  ethereal  solution  was  neutralized 
with  sulfuric  acid  (1:  2),  washed  with  water  and  drie^l  with  sodium  sulfate.  After  driving  off  the  ether,  the 
viscous  residue  was  distilled  in  vacuum  to  give  13.8  g  original  pyranone  (XVII)  (b.p.  52-60*  at  14  mm, 
np  1.4492),  6.3  g  2,2-dimethyl-4-ethynyltetrahydropyran-4-ol  [la]  (XVIII)  (b.p.  77*  at  3  mm,  m.p.  87*)  and 
19.8  g  acetylenic  glycol  (XIX)  in  the  form  of  a  viscous,  yellow  liquid  with  b.p.  130-134*  at  3  mm. 

Found  C  68.15,  68.18;  H  9.34,  9.37;  OH  16.47,  16.81  (Chugaev-Tserevitinov).  CizHigfOHljO. 
Calculated  C  67.89;  H  9.50;  OH  16.02. 

b)  To  8.4  g  and  75  ml  anhydrous  ether,  in  the  course  of  10  minutes  was  added  7.7  g  2, 2-dimethyl- 2- 
ethynyltetrahydropyran-4-ol  (XVIII)  in  100  ml  anhydrous  ether.  Addition  was  then  made  in  the  course  of  an 
hour  of  5.8  g  dry  acetone  in  25  ml  anhydrous  ether,  and  stirring  continued  for  4  hours.  The  next  day  stirring 
was  carried  out  at  room  temperature  for  7  hours,  after  which  the  reaction  mixture  was  left  overnight.  Hydrolysis 
and  separation  of  the  product  were  effected  as  ’described  above.  There  was  obtained  1.9  g  original  pytanol 
(XVIII)  (b.p.  74-78*,  2.5  mm)  and  7.7  g  acetylenic  glycol  (XIX),  b.p.  128-132*,  2.5  mm. 

Olefinic  glycol  (XX).  10.6  g  acetylenic  glycol  (XIX),  b.p.  130-134*  at  3  mm,  in  55  ml  ethyl  alcohol 

was  hydrogenated  in  presence  of  Pd  catalyst  for  4  hours.  1270  ml  hydrogen  was  absorbed  as  against  1254  ml 
required  for  hydrogenation  of  the  acetylenic  bond  to  an  olefinic  bond.  The  catalyst  was  filtered  off,  the 
alcohol  distilled  off,  and  the  viscous,  light-yellow  residue  twice  distilled  in  vacuum  to  give  6.5  g  olefinic 
glycol  (XX)  with  b.p.  117-117.5*  at  2  mm. 

Found  <7o:  C  67.38,  67.18;  H  10.46,  10.42.  CigHgjOj.  Calculated  C  67.25;  H  10.35. 

Saturated  glycol  (XXI).  10.6  g  acetylenic  glycol(XIX)  in  75  ml  ethyl  alcohol  was  hydrogenated  in 

presence  of  Ni  catalyst  in  an  autoclave  at  10  atm  and  room  temperature.  The  amount  of  hydrogen  absotbed 
was  2306  ml  against  2240  ml  required  for  complete  saturation  of  the  triple  bond.  The  catalyst  was  filtered  off. 
the  alcohol  was  driven  off  under  reduced  pressure,  and  the  residue  was  distilled  two  times  under  reduced  pres¬ 
sure.  Yield  5.4  g  of  saturated  glycol  (XXI),  b.p.  118*  at  2  mm. 

Found  <7o:  C  66.30,  66.40;  h  10.80,  11.24.  C12H24OS.  Calculated  C  66.32;  H  11.18. 

Acetylenic  glycol  (XXII).  a)  140  g  powdered  potassium  hydroxide  and  500  ml  anhydrous  ether  were 

taken;  the  flask  was  cooled  with  iced  water  and  stirred  continuously  while  addition  was  made  in  the  course  of 
2  hours  of  64.2  g  2,2-dimethyltetrahydfopyian-4-one  (XVII)  and  93.1  g  ethynylcyclohexanol  (VII)  in  500  ml 
anhydrous  ether.  Stirring  was  continued  for  6  hours  at  0*  and  three  days  at  room  temperature.  The  product 
was  hydrolyzed  with  water,  the  aqueous  layer  was  separated  and  extracted  with  ether,  and  the  combined  ether¬ 
eal  solution  was  washed  with  dilute  sulfuric  acid  (1:  2)  and  with  water  and  dried  with  sodium  sulfate.  After 
driving  off  the  ether,  the  viscous  residue  was  distilled  in  vacuum  to  give  23.2  g  original  acetylenic  alcohol 
VII)  (b.p.  79-81*  at  15  mm),  11.2  g  original  pyranol  (b.p.  56-57*  at  12.5  mm),  2.8  g  2,2-dimethyl-4-ethynyl- 
tetrahydropyran-4-ol  (XVIII)  and  75.8  g  of  a  mixture  of  acetylenic  glycols  (XXIi)  and  XXIX)  with  b.p.  135- 
165*  at  3  mm.  Two  vacuum  fractionations  of  this  mixture  gave  24  g  acetylenic  glycol  (XXIX)  [10]  (b.p.  150- 
152*  at  3  mm;  m.p.  106-107*)  and  24.5  g  acetylenic  glycol  (XXII)  (b.p.  165-167*  at  3  mm). 

Found  °jo\  C  72.01,  72.00;  H  9.59,  9.62;  OH  13.72,  13.93  (Chugaev-Tserevitinov  method).  CjiH22(0H)20. 
Calculated  C  71.40;  H  9.59;  OH  13.40. 
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b)  To  16.8  g  powdered  caustic  soda  and  100  ml  anhydrous  ether  in  the  course  of  10  minutes  was  added 
(with  intensive  stirring  and  at  a  temperature  of -4*)  19.6  g  of  cyclohexanone  in  30  ml  of  anhydrous  ether. 

Then  in  the  course  of  an  hour  was  introduced  15.4  g  2,2-dimethyl-4-ethynyltetrahydropyranol  (XVIII)  in 
100  ml  anhydrous  ether.  The  reaction  mass  was  stirred  at  — 4*  for  a  period  of  7  hours.  The  next  day,  stirring 
of  the  reaction  mass  was  continued  for  8  hours  and  the  reaction  mass  was  then  left  standing  for  24  hours. 

Hydrolysis  and  working  up  were  performed  as  described  above.  There  was  obtained  12.6  g  acetylenic  glycol 
(XXIX)  with  b.p.  152-155*  at  3  mm,  and  10.4  g  acetylenic  glycol  (XXII)  with  b.p.  162-165*  at  3  mm. 

Saturated  glycol  (XXIII).  5  g  acetylenic  glycol  (XXII)  (b.p.  165-167*,  3  mm)  was  hydrogenated  in  35  ml 
ethyl  alcohol  in  the  presence  of  1  g  Ni  catalyst  in  an  autoclave  under  5  atm  at  room  temperature.  The  catalyst 
was  filtered  off,  the  alcohol  was  driven  off,  and  the  product  was  vacuum-distilled.  We  obtained  2.3  g  of 
saturated  glycol  (XXIII),  b.p.  150-151*  at  2.2  mm. 

Found  C  70.31,  70.32;  H  11.04,  11.33.  CigHzgOj.  Calculated  C  70.27;  H  11.01. 

Acetylenic  glycol  (XXVI).  a)  In  a  three-necked  flask,  fitted  with  stirrer,  reflux  condenser,  dropping 
funnel  and  thermometer,  were  placed  16.8  g  of  powdered  caustic  potash  and  100  ml  of  anhydrous  ether.  At  a 
temperature  of— 4*  and  with  stirring  a  mixture  of  14.4  g  2,2-dimethyltetrahydrothiopyran-4-one  (XXV)  [11] 

(b.p.  47-49*  at  2  mm,  np  1.4918)  and  8.4  g  dimethylethynylcarbinol  (II)  in  200  ml  anhydrous  ether  was  intro¬ 
duced.  Stirring  with  iced  water  cooling  was  continued  10  hours  and  next  day  for  another  5  hours  at  room 
temperature.  After  working  up  in  the  usual  manner  and  driving  off  the  ether,  the  residue  partly  crystallized. 
There  was  obtained  7.3  g  tetramethylbutynediol  (XXVIII)  [12],  m.p.  91-92*,  and  10.1  g  resinous  residue. 

b)  To  ethylmagnesium  bromide,  prepared  from  2.4  g  magnesium  and  11  g  ethyl  bromide  in  70  ml  an¬ 
hydrous  ether,  was  added  4.2  g  dimethylethynylcarbinol  (II)  in  20  ml  anhydrous  ether  with  iced  water  cooling 
and  intensive  stirring,  and  the  reaction  mass  was  heated  at  the  boiling  point  of  the  ether  for  3  hours.  Addition 
was  then  made  in  the  course  of  20  minutes  of  7.2  g  2,2-dimethyltetrahydrothiopyran-4-one  (XXV)  in  25  ml 
anhydrous  ether.  Heating  at  the  boiling  point  of  ether  was  continued  3  hours,  after  which  the  reaction  mixture 
wasleft  overnight.  The  next  day  the  complex  was  hydrolyzed  with  15  ml  dilute  hydrochloric  acid  (1;  2),  the 
ether  layer  was  separated,  and  the  aqueous  layer  was  saturated  with  potassium  carbonate  and  repeatedly  extracted 
with  ether.  The  product  was  dried  with  sodium  sulfate  and  after  distillation  of  the  ether  it  was  distilled  in 
vacuum  to  give  3.7  g  original  thiopyranone  (XXV)  (b.p.  60-62*  at  3  mm)  and  4.3  g  acetylenic  glycol  (XXVI), 
b.  p.  150-155*  2.5  mm. 

Found  S  13.65,  13.87.  C,jHi,OjS.  Calculated  <%-.  S  14.10. 

Acetylenic  glycol  (XXVII).  a)  16.8  g  powdered  potassium  hydroxide  and  100  ml  anhydrous  ether  were 
taken;  at— 4*  and  with  stirring,  14.4  g  2,2-dimethyltetrahydrothiopyran-4-one  (XXV)  and  12.4  g  ethynylcyclo- 
hexanol  (VII)  were  introduced.  Stirring  at  0*  was  continued  10  hours,  and  the  product  was  left  overnight.  After 
the  usual  treatment,  6.4  g  acetylenic  glycol  (XXIX)  with  m.p.  106-107*  was  obtained. 

b)  To  the  ethylmagnesium  bromide  obtained  from  2.4  g  magnesium  and  11  g  ethyl  bromide  in  70  ml 
anhydrous  ether  was  added,  with  iced  water  cooling  and  stirring  6.2  g  ethynylcyclohexanol  (VII)  in  20  ml  abso¬ 
lute  ether,  and  the  reaction  mass  was  heated  at  the  boiling  point  of  ether  for  4  hours.  Gradual  addition  was 
then  made  of  7.2  g  2,2-dimethyltetrahydrothiopyran-4-one  (XXV)  in  20  ml  anhydrous  ether,  and  heating  at  the 
boiling  point  of  ether  was  continued  3  hours.  The  next  day  the  product  was  hydrolyzed  and  worked  up  in  the 
usual  manner.  There  was  obtained  2.7  g  original  acetylenic  alcohol  (VII)  (b.p.  83-85*  at  15  mm),  3.6  g 
original  thiopyranone  (XXV)  (b.p.  48-49*  at  2  mm)  and  5.75  g  acetylenic  glycol  (XXVII)  b.p.  164-168*  at 
2.5  mm. 

Found  <%:  C  67.68,  67.47;  H  9.04,  9.04;  S  11.85,  11.83.  Ci5Hi40iS,  Calculated  C  67.12;  H  9.01; 

S  11.95. 

Acetylenic  glycol(XXX).  a)  25.2  g  powdered  caustic  potash  and  225  ml  anhydrous  ether  were  taken;  at 
—  4*  and  with  stirring  21  g  l,2,5-trimethyl-4-piperidone  (I)  in  60  ml  absolute  ether  was  added.  Then  in  the 
course  of  1  Vj  hours  addition  was  made  of  11.7  g  2,2-dimethyl-4-ethynyltetrahydropyran-4-ol  (XVIII)  (m.p. 

87*)  in  75  ml  anhydrous  ether.  The  reaction  mass  was  then  stirred  at  — 4*  for  7  hours.  The  next  day,  stirring 
was  continued  for  10  hours  at  room  temperature  and  the  reaction  mass  was  again  left  standing  for  24  hours. 

We  obtained  7.5  g  of  initial  piperidone  (I)  (b.p.  45-59*  at  3  mm),  1  g  of  initial  acetylenic  alcohol  (XVIII) 

(b.p.  87*  at  2.5  mm)  and  15.9  g  of  acetylenic  glycol  (XXX)  (b.p.  175-177*  at  2.5  mm)  by  the  usual  method. 

A  second  distillation  yielded  11.6  g  of  acetylenic  glycol  (XXX)  (b.p.  177*  at  2.5  mm). 
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Found  C  69.44,  69.55;  H  10.03,  10.24;  N  4.59,  4.63.  C17H29O5N.  Calculated  C  69.11;  H  9.89; 

N  4.75. 

The  methiodide  of  acetylenic  glycol  (XXX)  has  m.p.  293-295*  (from  alcohol). 

b)  Starting  substances  were  16.8  g  powdered  potassium  hydroxide,  150  ml  anhydrous  ether,  12.8  g 
2,2-dimethyltetrahydropyran-4-one  (XVII),  and  in  the  course  of  V2  hour  addition  was  made  of  5.6  g  of  the  high- 
melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol  with  m.p.  176-177*,  dissolved  in  50  ml  anhydrous 
ether.  The  experiment  and  the  working-up  were  on  similar  lines  to  the  preceding.  There  was  obtained  2.4  g 
original  pyrone  (XVII)  (b.p.  62-64*,  11  mm,  n^  1.4495),  0.3  g  2,2-dimethyl-4-ethynyltetrahydropy’ran-4“Ol 
XVIII)  (m.p.  86-87*)  and  3.7  g  of  the  above -described  acetylenic  glycol  (XXX)  with  b.p.  175-180*  at  2.5  mm, 
whose  methiodide  melts  at  293-295*. 

c)  A  similar  experiment  was  run  with  the  low-melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol 
(XXIV)  (m.p.  110-111*).  Distillation  gave  50%  of  the  original  piperidol  and  2  g  substance  with  b.p.  175-183*, 
containing  traces  of  nitrogen;  this  product  was  not  further  investigated. 

Olefinic  glycol  (XXXI).  3.65  g  of  acetyleniQ  glycol  (XXX)  (b.p.  177*  at  2.5  mm)  was  hydrogenated  in 
30  ml  of  ethyl  alcohol  in  the  presence  of  a  Pd  catalyst  in  the  course  of  2  hours.  There  was  absorbed  320  ml 
hydrogen  against  321  ml  required  for  hydrogenation  of  the  acetylenic  bond  to  the  olefinic  bond.  The  catalyst 
was  filtered  off,  the  alcohol  was  driven  off  and  the  product  was  vacuum-distilled.  Yield  2.25  g  of  olefinic 
glycol  (XXXI),  b.p.  166-167*  at  2  mm.  The  methiodide  of  the  olefinic  glycol  (XXXI)  melts  at  320-325*  (after 
two  recrystallizations  from  1:  5  alcohol-water  mixture). 

Found  %:  N  3.40,  3.35.  CigHj^OjNI.  Calculated  %:  N  3.19. 

Saturated  glycol  (XXXII).  3  g  of  acetylenic  glycol  (XXX)  (b.p.  177*  at  2.5  mm)  was  hydrogenated  in 
50  ml  of  anhydrous  ethyl  alcohol  in  the  presence  of  1.2  g  Ni  catalyst  in  an  autoclave  at  5  atm  and  room  temper' 
ature  in  the  course  of  1  hour.  The  catalyst  was  filtered  off,  the  alcohol  was  driven  off,  and  the  viscous  residue 
was  distilled  under  reduced  pressure.  We  obtained  2.5  g  of  saturated  glycol  (XXXII)  (b.p.  174*  at  2.5  mm),  the 
methiodide  of  which  melted  at  306-307*  (with  decomp.). 

Found  %:  C  49,06,  48.87;  H  8.09,  8.18;  N  3.28,  3.22.  CijHjjOjNI.  Calculated  %:  C  48.97;  H  8.22; 

N  3.17. 

2.2-Dimethyl-4-ethynvltetrahydrothiopyran-4-ol  (XXXllI).  Into  a  flask,  fitted  with  stirrer,  reflux  con¬ 
denser,  thermometer,  dropping  funnel  and  tube  for  passing  in  acetylene,  were  charged  8.4  g  powdered  potas¬ 
sium  hydroxide  and  40  ml  anhydrous  ether.  At  — 15*  and  with  stirring,  the  ether  was  saturated  with  acetylene 
in  the  course  of  30  minutes,  whereupon  addition  was  made  of  14.4  g  2,2-dimethyltetrahydrothiopyian-4-one 
(XXV)  in  50  ml  anhydrous  ether,  after  which  acetylene  was  passed  through  for  another  5  hours  and  the  product 
left  for  24  hours.  The  next  day  the  stirring  was  continued  at  room  temperature  for  2  hours,  and  then  the  re¬ 
action  mass  was  hydrolyzed  with  40  ml  water.  The  ether  layer  was  separated  and  neutralized  with  5%  hydro¬ 
chloric  acid  solution.  The  aqueous  layer  was  many  times  extracted  with  ether.  The  ether  extract  was  dried 
with  sodium  sulfate;  after  driving  off  the  ether  the  product  was  distilled  in  vacuum:  1st  fraction,  b.p.  82-83*, 
at  3  mm,  n^  1.5242,  6.2  g;  2nd  fraction,  b.p.  178-180*,  at  4  mm,  5.1  g. 

The  1st  fraction  was  2,2-dimeihyl-4-ethynyl-tettahydrothiopyran-4-ol  (XXXIII)  which  crystallized  on 
standing;  m.p.  62-63*  (from  petroleum  ether  with  m.p.  40-80*). 

Found  %:  C  63.61,  63.62;  H  8.28,  8.21;  S  18.71,  18.49.  C9H14OS.  Calculated  %:  C  63.48;  H  8.29; 

S  18.83. 

The  2nd  fraction  crystallized  when  treated  with  ethyl  alcohol.  The  thiopyranic  dienyne  (XLIV)  was  ob¬ 
tained  with  m.p.  127-128*  (see  below). 

Acetylenic  glycol  (XXXIV).  In  a  flask  were  put  8.4  g  powdered  potassium  hydroxide  and  75  ml  anhydious 
ether,  followed,  at  — 4*  and  with  stirring,  by  7.1  g  l,2,5-tiimethyl-4-piperidone  (I)  and  4.3  g  2,2-dimethyl-4- 
ethynyltetrahydrothiopyran-4-ol  (XXXIII)  in  25  ml  anhydrous  ether.  Stirring  of  the  leaction  mass  at  — 4*  was 
continued  for  7  hours.  The  next  day,  stirring  was  continued  for  10  hours  at  room  temperature  and  the  reaction 
mass  was  set  aside  for  24  hours.  After  the  usual  treatment,  we  obtained  2.7  g  of  initial  piperidone  ( b.p.  54* 
at  11  mm)  and  3.6  g  of  acetylenic  glycol  (XXXIV),  b.p.  177-183*  at  3  mm. 

Found  %:  N  4.54,  4.58.  CitHjsOjNS.  Calculated  %;  N  4.50. 
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Olefinic  glycol  (XXXV).  2.7  g  acetylenic  glycol  (XXXIV)  (b.p.  177- 183*  at  3  mm)  was  hydrogenated  in 
30  ml  of  ethyl  alcohol  in  the  presence  of  a  Pd  catalyst.  In  the  course  of  5  hours,  205  ml  of  hydrogen  was  ab¬ 
sorbed  as  against  221  ml  required  for  hydrogenation  of  the  acetylenic  bond  to  the  olefinic  bond.  The  catalyst 
was  filtered  off  and  the  alcohol  was  driven  off  in  vacuum.  After  fractionation  there  was  obtained  1.9  g  olefinic 
glycol  (XXXV).  b.p.  188*  at  4.5  mm. 

Found  C  65.05,  65.34;  H  9.99,  10.01;  S  8.98,  8.63;  N  4.64,  4.59.  CitHjiOjNS.  Calculated  C  65.13; 
H  9.97;  S  10.23;  N  4.47. 

The  dimethiodide  of  the  glycol  melts  at  158-159*. 

Found  N  2.40,  2.23.  CiyHjyOjNSIz.  Calculated  N  2.35. 

Attempts  to  synthesize  the  acetylenic  glycol  (XXXVI).  a)  Into  a  flask  were  put  8.4  g  of  powdered 
caustic  potash  in  75  ml  of  ether.  At  — 10*  and  with  intensive  stirring  were  introduced  14.1  g  1,2,5-trimethyl- 
4-piperidone  (I)  and  8.5  g  of  2,5-dimethyl-4-ethynyltetrahydrothiopyran-4-ol  (XXXVII)  [2  a]  (b.p.  82*  at  3  mm, 
Up  1.5090)  in  25  ml  anhydrous  ether.  Stirring  while  cooling  with  iced  water  was  continued  15  hours  and  then 
30  hours  at  room  temperature.  The  usual  treatment  gave  7.9  g  original  ketone  (b.p.  42.5-43*  at  3  mm, 
np‘®  1.4615),  2.7  g  2,5-dimethyltettahydrothiopyran-4-one  (XXXVIII)  [13]  with  b.p.  56-63*  at  3.5  mm,  which 
crystallized  on  standing,  m.p,  69-70*  (from  benzene),  and  2.5  g  high-melting  isomer  of  l,2,5-trimethyl-4- 
ethynyl-4-piperidol  (XXIV),  m.p.  177-178*. 

b)  50  ml  liquid  ammonia  was  put  into  a  flask  and  cooled  with  ice-methanol  (—70*)  while  1.2  g  metallic 
sodium  was  introduced  in  small  portions.  After  the  sodium  had  dissolved,  3.7  g  2,5-dimethyl-4-ethynyltetra- 
hydrothiopyran-4-ol  (XXXVII)  was  added,  and  stirring  continued  2  hours.  Then  7  g  l,2,5-trimethyl-4-piperidone 
(I)  was  added  and  stirring  at  — 70*  continued  5  hours.  The  next  day  100  ml  anhydrous  ether  was  added  and  stir¬ 
ring  at  room  temperature  continued  10  hours.  With  iced  water  cooling,  16  ml  water  was  added,  the  ether  layer 
was  separated,  and  the  aqueous  layer  saturated  with  potassium  carbonate  and  extracted  many  times  with  ether. 
The  combined  ethereal  solution  was  neutralized  with  carbon  dioxide  and  dried  with  sodium  sulfate.  After 
driving  off  the  ether,  the  residue  in  the  flask  partly  crystallized.  Recrystallization  from  benzene  gave  1.8  g 
low-melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol  (XXIV)  with  m.p.  110-111*.  The  gasoline- 
insoluble  crystals  were  recrystallized  from  alcohol.  There  was  isolated  0.1  g  high-melting  isomer  of  1,2,5- 
trimethyl-4-ethynyl-4-piperidol  (XXIV)  with  m.p.  176-178*.  The  viscous  liquid  remaining  after  separation  of 
the  crystals  was  distilled  in  vacuum  to  give  2  g  original  ketone  (I)  (b.p.  42-44*  at  2.5  mm),  1.5  g  2,5-dimethyl- 
tetrahydropyran-4-one ((XXXVIII)  with  b.p.  57-62*  .at  2.5-3  mm,  and  3.1  g  of  a  fraction  with  88-96*  at 
2.5  mm,  which  partly  crystallized.  From  this  fraction  was  obtained  1.1  g  low-melting  isomer  of  1,2,5-trimethyl- 
4-ethynyl-4-piperidol  (XXIV),  m.p.  110-111*. 

Acetylenic  glycol  (XXXIX).  a)  In  a  round -bottomed  3-necked  flask,  fitted  with  stirrer,  reflux  condenser, 
dropping  funnel  and  tube  for  passing  through  acetylene,  was  put  34  g  powdered  potassium  hydroxide  and  100  ml 
anhydrous  ether.  The  flask  was  cooled  with  ice-salt  mixture  and  with  vigorous  stirring  28.2  g  1,2,5-trimethyl- 
4-piperidone  (I)  was  introduced;  in  the  course  of  3  Vz  hours  2.25  liters  acetylene  was  introduced  in  a  slow  stream. 
The  reaction  mass  was  stirred  4  hours  while  cooling  with  iced  water.  The  next  day,  while  cooling  with  iced 
water  and  stirring,  35  ml  water  was  added;  the  ether  layer  was  separated  from  the  aqueous  layer,  and  the  pre¬ 
cipitate  was  filtered,  washed  with  water  and  twice  recrystallized  from  alcohol.  Yield  2.1  g  high-melting  iso¬ 
mer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol  (XXIV),  m.p.  177-178*.  The  aqueous  layer  was  saturated  with 
solid  potassium  hydroxide  and  extracted  with  ether.  The  combined  ethereal  solution  was  neutralized  with  carbon 
dioxide  and  dried  with  sodium  sulfate.  After  driving  off  the  ether  the  product  was  distilled  in  vacuum.  There 
was  obtained  1.9  g  of  initial  piperidone  (b.p.  69-70*  at  8  mm)  and  12  g  of  the  fraction  with  b.p.  95-105*,  at 
4  mm,  from  which  we  isolated  10.3  g  of  the  low-melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol 
(XXIV),  m.p.  110-111*  (after  two  recrystallizations  from  water).  The  residual  viscous  and  black  material  was 
dissolved  in  ether  and  dry  hydrogen  chloride  was  passed  into  the  solution.  The  dihydrochloride  of  acetylenic 
glycol  (XXXIX)  was  obtained  with  m.p.  290-291*  (after  many  crystallizations  from  ethyl  alcohol). 

Found  N  7.31,  7.21;  Cl  18.52.  Cj, H34O2N2CI2.  Calculated  N  7.36;  Cl  18.64. 

b)  Into  a  flask  was  put  16.8  g  powdered  caustic  potash  and  150  ml  anhydrous  ether.  14.1  g  of  1,2,5-tri- 
methyl-4-piperidone  (I)  in  25  ml  of  anhydrous  ether  was  added  to  the  reaction  flask  at— 4*  in  the  course  of 
10  minutes.  Then  8.4  g  low-melting  isomer  of  l,2,5-triraethyl“4-ethynyl-4-piperidol  (XXIV)  with  m.p.  110- 
111*  was  introduced  in  70  ml  anhydrous  ether  and  stirring  of  the  reaction  mass  was  continued  for  7  hours  at 
—4*.  The  next  day  stirring  was  continued  10  hours  at  room  temperature,  after  which  the  reaction  mass  was 
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left  for  48  hours.  The  usual  treatment  gave  6.3  g  original  piperidone  (I)  (b.p.  78-80*  at  11  mm)  and  4  g  resin¬ 
ous  residue.  The  viscous  slurry,  obtained  after  salting  out  of  the  aqueous  portion  with  solid  potassium  hydroxide, 
was  thoroughly  extracted  with  methanol,  chloroform  and  acetone.  The  combined  extract  was  dried  with  sodium 
sulfate.  After  driving  off  the  solvent  the  product  was  distilled  in  vacuum  to  give  1.9  g  initial  piperidone  (I) 

(b.p.  37-42*  at  4  mm),  1.2  g  of  the  low-melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol  (XXIV) 

(m.p.  110-111*,  from  water)  and  2.4  g  acetylenic  glycol  (XXXIX)  (b.p.  172-177*  at  3  mm)  in  the  form  of  a 
viscous  vitreous  mass. 

Found  ‘7o:  N  8.98,  8.95.  C18H3J.O2N2.  Calculated  7^:  N  9.08. 

The  dimethiodide  of  acetylenic  glycol  (XXXIX)  melts  at  290-291*  (from  5:  1  alcohol-water  mixture). 

Found  C  40.38,  40.23;  H  6.68,  6.41;  N  4.65,  4.68.  Ci8H3g02N2l2.  Calculated  7o:  C  40.55;  H  6.47; 

N  4.73. 

Olefinic  glycol  (XL).  1.6  g  acetylenic  glycol  (XXXIX)  (b.p.  172-177*  at  3  mm)  in  17  ml  anhydrous  ethyl 
alcohol  was  hydrogenated  in  presence  of  Pd  catalyst.  113  ml  hydrogen  was  absorbed  against  129  ml  required 
for  hydrogenation  of  the  acetylenic  bond  to  an  olefinic  bond.  The  catalyst  was  filtered  off,  the  alcohol  distilled 
off  and  the  residue  distilled  in  vacuum  to  give  1.2  g  olefinic  glycol  (XL),  b.p.  177-180*  at  3.5  mm. 

Found  N  8.75,  8.95.  C18H34O2N2.  Calculated  “yo;  N  9.02. 

The  dimethiodide  of  olefinic  glycol  (XL)  melted  at  313-317*  (with  decomp.). 

Found  N  4.54,  4.67.  C20H40O2N2I2.  Calculated  °]o'.  N  4.71. 

Acetylenic  glycol (XLI).  Into  a  flask  were  put  16.8  g  powdered  caustic  potash  and  150  ml  anhydrous  ether. 
At  a  temperature  of— 3*  and  with  stirring  was  introduced  12.8  g  2,2-dimethyltetrahydropyran-4-one  (XVII)  in 
20  ml  anhydrous  ether.  Addition  was  then  made  in  the  course  of  0.5  hour  of  15.4  g  2,2-dimethyl-4-ethynyl- 
tetrahydropyran-4-oI  in  120  ml  absolute  ether,  and  stirring  was  continued  10  hours  (iced  water  cooling).  The 
next  day  stirring  at  room  temperature  was  carried  out  for  11  V2  hours.  The  product  was  worked  up  and  isolated 
in  a  similar  manner  to  glycol  (XXIII).  Yield  1.7  g  original  pyrone  (b.p.  62-70*  at  22  mm),  14.2  g  fraction  with 
b.p.  115-130*  at  4  mm  which  was  not  investigated,  and  12.6  g  acetylenic  glycol  (XLI)  with  b.p.  175-182*  at 

4  mm  (after  redistillation  b.p.  172-175*  at  3  mm). 

Found  ^o:  C  68.73,  69.01;  H  9.40,  9.38;  OH  12.27,  12.79  (Chugaev-Tserevitinov  method).C|^H2^0H)202. 
Calculated  <7o:  C  68.05;  H  9.28;  OH  12.05. 

Olefinic  glycol  (XLII).  4.2  g  acetylenic  glycol  (XLI)  (b.p.  172-175*  at  3  mm)  was  hydrogenated  in  a 
solution  of  45  ml  of  ethyl  alcohol  in  the  presence  of  a  Pd  catalyst.  345  ml  hydrogen  was  absorbed  in  the  course 
of  50  minutes  as  against  359  required  to  hydrogenate  the  acetylenic  bond  to  the  olefinic  bond.  The  catalyst 
was  filtered  off,  the  alcohol  was  driven  off  and  the  product  was  vacuum-distilled.  We  obtained  3  g  of  olefinic 
glycol  (XLII),  b.p.  152-154*  at  2  mm. 

Found  C  67.54,  67.50;  H  10.34,  10.08.  C18H28O4.  Calculated  C  67.57;  H  9.92. 

Attempt  to  synthesize  acetylenic  glycol  (XLIII).  To  a  Grignard  reagent,  prepared  in  the  usual  manner 
from  2.4  g  magnesium  and  11  g  ethyl  bromide  was  added,  with  cooling  and  continuous  stirring,  8.5  g  2,2-di- 
methyl-4-ethynyltetrahydrothiopyran-4-ol  (XXXIII)  in  50  ml  anhydrous  ether,  and  the  reaction  mass  was  heated 
at  the  boiling  point  of  ether  4  hours.  With  intensive  stirring  and  cooling  of  the  flask  with  iced  water,  7.2  g 
2,2-dimethyltetrahydrothiopyran-4-one  (XXV)  in  30  ml  anhydrous  ether  was  added.  Stirring  at  the  boiling  point 
of  ether  was  continued  12  hours  and  the  next  day  for  another  8  hours.  The  usual  treatment  gave  1.8  g  original 
ketone  (XXV)  (b.p.  60-67*  at  3.5  mm),  2.3  g  initial  alcohol  (XXXIII)  (b.p.  80-85*  at  3.5  mm),  and  6.1  g 
thiopyranic  dienyne  (XLIV)  with  b.p.  170-173*  at  3  mm;  m.p.  127-128*. 

Found  C  69.02,  69.07;  H  8.06,  8.11;  S  22.97,  23.12.  CigH22S2.  Calculated  C  69.00;  H  7.96; 

5  23.03. 

SUMMARY 

1.  Syntheses  were  carried  out  of  diverse  heterocyclic  y -glycols  containing  one  or  two  piperidine,  tetra- 
hydropyran  and  tetrahydrothiopyran  heterocycles. 

2.  Catalytic  hydrogenation  of  these  glycols  in  presence  of  Pd  and  Ni  catalysts  gave  the  corresponding 
olefinic  and  saturated  glycols. 
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3.  Five  partial  esters  of  acetylenic  glycols  containing  the  piperidine  ring  were  prepared. 

4.  Cyclization  of  the  saturated  glycols  (V)  and  (X),  containing  a  piperidine  ring,  gave  the  corresponding 
tetrahydrofuran  compounds  (VI)  and  (XI)  with  a  spiran  structure. 

5.  An  attempt  to  synthesize  the  acetylenic  glycol  (XLIII),  containing  two  tetrahydrothiopyran  rings,  led 
to  formation  of  the  thiopyranic  dienyne  (XLIV). 
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MOLECULAR  CHROMATOGRAPHY 


IV.  RESOLUTION  OF  MIXTURES  OF  NITROANILINES 


K.  A.  Ogloblin  and  G.  V.  Markina 


According  to  the  literature  the  chromatographic  method  was  first  applied  to  the  nitroanilines  by  Karrer 
and  Nilsen  [1]  for  resolution  of  a  mixture  of  o-,  m-  and  p- nitroanilines.  In  a  series  of  researches  [2]  chromatog¬ 
raphy  was  used  for  purification  or  separation  of  simple  mixtures  of  nitroanilines  and  their  homologs.  In  a 
recent  publication  Larson  and  Harvey  [3]  reported  the  quantitative  chromatographic  resolution  of  some  binary 
and  ternary  mixtures  of  mono-  and  dinitroanilines,  as  well  as  of  halogen-substituted  mononitroanilines. 

In  the  present  communication  a  method  is  presented  for  quantitative  chromatographic  resolution  of 
artificial  mixtures  consisting  of  all  the  isomeric  mono-  and  dinitroanilines.  and  also  2,4,6-rrinitroaniline. 
from  benzene  on  aqueous  alumina.  The  purpose  of  the  investigation,  apart  from  development  of  a  method  of 
resolution,  was  the  determination  of  the  order  of  adsorbability  of  the  nitroanilines  and  a  comparison  of  this 
characteristic  with  the  physico-chemical  properties  of  the  compounds. 

In  view  of  the  fact  that  nitroanilines  are  adsorbed  on  oxides  of  alumina  from  benzene  veiy  much  more 
weakly  than  nitrophenols  and  niuophenylnitramines,  a  more  active  and  less  moist  alumina  containing  2-3'^ 
water  was  used  in  the  investigation. 


The  preparation  of  the  adsorbent  and  the  experimental  apparatus  have  been  already  described  [4].  Out 
of  the  eight  mixtures  examined,  complete  resolution  was  effected  in  the  majority  of  cases  after  only  a  single 
chromatographic  treatment,  and  the  components  were  usually  separated  in  good  yields. 

Table  1  shows  the  experimentally  determined  orders  of  adsorbabilities  of  the  nitroanilines  (in  order  of 
increasing  adsorbability). 


TABLE  1 


Adsorbability  series  of  nitroanilines 


Expt.  No. 

Order  of  adsorbabrlity  • 

1 

0-  <  m  <  p-NA 

2 

2,5-  <.  2,3-  <  2,4-  <  3.4-DNA 

3 

2.6-  <  2,5-  <  3.5-  <  2,3-  <  2.4-  < 

<  3.4-DNA 

4 

2.5-  DNA  <  p-NA 

5 

2.4.6-TNA  <r  p-NA 

6 

2,4.6-TNA  <r  2,5-  <  2,3-DNA 

7 

2,6-DNA  <  2.4.6-TNA  <  o-NA  < 
2,5-DNA  <  m-NA  <  p-NA  + 

+  3.5-  <  2,3-  <  2,4-  <  3.4-DNA 

8 

p-NA  3,4-DNA  <  o- NP 

•  Here  and  later  the  following  abbreviations  are  used: 

NA,  DNA,  TNA.NPare,  respectively,  nitroaniline,  di- 

nitroaniline,  tiinitroaniline  and  mtiophenol. 

TABLE  2 


Adsorbability  and  dipole  moments  of  isomeric 
nitroanilines 


Name  of 
compound 

Order  of  arrange¬ 
ment  in  the  column 
(bottom  to  top) 

Dipole 

moment 
ji  *10“  [8J 

Mononitroanilines 

o-NA 

I 

4.22 

m-NA 

II 

5.22 

p-NA 

III 

6.81 

Dinitroanilines 

2,6-DNA 

I 

1.88 

2,5-DNA 

II 

2.67 

3,5-DNA 

III 

5.91 

2.3-DNA 

IV 

7.3 

2,4-DNA 

V 

6.48 

3.4-DNA 

VI 

8.9 
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It  follows  from  Table  1  that  the  relative  order  of  distribution  in  the  column  does  not  depend  upon  the 
number  of  components  in  the  mixture.  For  example,  in  all  the  mixtures  of  nitroanilines  3,4-dinitroaniline  is 
adsorbed  more  strongly,  while  2,6-dinitroaniline  is  adsorbed  more  weakly  than  the  other  components.  In  the 
chromatographic  resolution  of  mixtures  of  nitrophenols  and  nitrophenylnitramines,  an  important  factor  for  the 
adsorbability  on  aluminas  from  benzene  and  ether  is,  as  already  reported  [4-6],  the  acidity  of  the  compounds. 

For  nitroanilines,  which  are  very  weak  bases,  the  acid-base  interaction  between  alumina  and  substances  in  the 
mixture  cannot  play  a  very  important  part.  In  this  case  the  predominating  influence  on  adsorbability  is  evident¬ 
ly  exerted  by  the  polarity  of  the  compounds. 

Arnold  [7]  has  drawn  attention  to  the  great  influence  of  the  dipoles  on  the  order  of  adsorption  of  mix¬ 
tures  on  a  polar  medium.  He  arrived  at  this  conclusion  on  the  basis  of  data  of  other  workers.  However,  his 
conclusion  was  stated  in  too  general  a  form  for  it  to  be  applicable  to  all  cases,  since  no  account  was  taken  of 
the  chemical  nature  of  the  compounds  or  of  the  nature  of  the  adsorbents  or  solvents.  Regarding  Arnold’s  as¬ 
sertion  of  the  importance  of  the  number  of  individual  dipoles  in  the  molecule,  and  not  of  the  total  dipole 
moment  of  the  molecule,  the  results  obtained  in  the  present  investigation  compel  us  to  reject  this  assertion  as 
erroneous. 

On  comparing  the  distribution  of  compounds  in  the  chromatographic  column  with  the  total  dipole  moments 
of  the  molecules  (Table  2),  we  can  see  that  for  mixtures  of  the  three  mononitroanilines  and  of  the  six  dinitro- 
amlines,  the  adsorbability  falls  with  decreasing  dipole  moment  of  the  molecule. 

There  is  only  one  anomalous  case  in  this  series  —  2,3-  and  2,4- DNA. 

The  arrangement  In  the  column  of  the  10  nitroanilines  (3  mono-,  6  di-,  and  1  trinitroaniline)  also  in 
general  points  to  a  dependence  of  adsorbability  on  the  polarity  of  the  molecules,  although  there  is  no  complete 
parallelism  in  this  case  (Table  3).  The  position  of  2,5-DNA  is  especially  anomalous. 


TABLE  3 


Adsorbability  and  dipole  moments  of  isomeric 
nitroanilines 


Name  of 
compound 

Order  of  arrangement  in 
the  column  (bottom  to  top) 

Dipole  moment 

U  •  10“  [8] 

2,6-DNA 

I 

1.88 

2,4,6-TNA 

II 

3.25 

o-NA 

III 

4.22 

2,5-DNA 

IV 

2.67 

m-NA 

V 

5.22 

p-NA 

I  VI  +  VII 

6.81 

3,5-DNA 

5.91 

2,3-DNA 

vni 

7.3 

2,4- DNA 

IX 

6.48 

3,4-DNA 

X 

8.9 

It  is  evident  that  other  factors  come 
into  play  apart  from  polarity.  The  solu¬ 
bility  of  tiitroanilines  in  benzene  appears 
to  be  an  important  factor.  Unfortunately 
data  on  this  are  absent  from  the  literature. 
It  should  be  noted  that  2.4,6-TNA,  with 
the  largest  number  of  dipoles,  is  adsorbed 
more  weakly  than  all  the  mono-  and  di- 
nitroanilines  with  exception  of  2,6-DNA. 

It  is  possible  that  the  relatively  weak  ad¬ 
sorbability  of  2,6-DNA  and  2,4,6-TNA  is 
bound  up  with  the  structural  and  spatial 
form  of  these  molecules  as  well  as  with 
the  presence  of  strong  inner-molecular 
hydrogen  bonds. 

In  the  resolution  of  the  mixture  of 
p-NA,  3,4- DNA  and  o-NP  it  was  found 
that  o-NP  is  adsorbed  the  most  strongly. 


Bearing  in  mind  that  3,4-DNA  is  adsorbed  more  strongly  than  the  other  bases  investigated,  while  o-NP  is 
the  most  weakly  adsorbed  ctMupound  in  a  series  of  previously  investigated  nitrophenols  and  nitrophenylnitramines 
[4-6],  all  the  investigated  compounds  can  be  arranged  in  the  following  order  of  adsorbability:  * 


2,6-DNA  <  2,4,6-TNA  <  o-NA  <  2,5-DNA  <  m-NA  <  p-NA  +  3,5-  <  2,3-  <  2,4-  <  3,4-DNA  < 
<  o- <  m- <  p-NP<  2,4-DNP<  p- <  o-NPNA  <  2,4-DNPNA. 


EXPERIMENTAL 

The  design  of  the  apparatus  and  preparation  of  the  moist  alumina  have  already  been  described  [4].  In  the 


•  Abbreviations:  DNP  is  dinitrophenol;  NPNA  and  DNPNA  are  nitro-  and  dinitrophenylnitramines. 


resolution  of  mixtures,  part  of  the  nitroanilines  is  washed  out  of  the  column  into  the  filtrate,  and  the  compounds 
are  isolated  from  the  latter  by  distillation  of  the  solvent.  The  colored  zones  remaining  in  the  column  were 
extracted  with  a  spatula,  and  the  adsorbed  nitroanilines  were  isolated  by  shaking  the  zones  with  a  mixture  of 
water  and  ether.  Such  a  3-5-fold  treatment  ensured  nearly  complete  extraction  of  the  nitroanilines  from  the 
adsorbent  and  their  passage  into  ethereal  solution,  from  which  the  compounds  were  isolated  by  distillation  of 
the  ether.  The  crystals  were  dried  in  a  vacuum -desiccator  over  anhydrous  alumina  and  weighed;  their  melting 
point  was  then  determined. 

All  experiments  were  conducted  at  a  slight  excess  pressure  in  the  apparatus  (20-180  mm  mercury  column) 
and  at  room  temperature. 

1.  Resolution  of  a  mixture  of  o-,  m-  and  p-nitroanilines.  0.04  g  of  each  of  the  nitroanilines  in  10  ml 
benzene,  column  190  x  12  mm,  moisture  content  of  alumina  3.50%  (110-115*),  washing  with  175  ml  benzene, 
excess  pressure  in  apparatus  20  mm,  later  50  mm.  After  washing  with  benzene  the  following  filtrate  fractions 
were  collected  (in  order  of  displacement):  1st  fraction—  colorless,  45  ml,  empty;  2nd  fraction  —  orange,  12  ml; 
0.0370  (93%)  orange  crystals  with  m.p.  68.5-69*  isolated,  mixed  sample  with  o-NA  melts  at  69.5-71*;  3rd 
fraction  —  intermediate,  6  ml;  0.0108  g  (27%)  crystals  with  m.p.  84-96*  isolated  —  mixture  of  o-  and  m-NA; 

4th  fraction  —  yellow,  25  ml;  pale-yellow  crystals  weighing  0.0312  g  (78%),  m.p.  110-111*,  mixed  sample  with 
m-NA  melts  at  110.5-111.5*;  5th  fraction  —  intermediate,  10  ml;  crystals  weighing  0.0006  g  (not  investigated); 

6th  fraction  —  greenish-yellow,  75  ml;  yellow  crystals  weight  0.0396  g  (99%),  m.p.  145.5-146*,  mixed  sample 
with  p-NA  melts  at  146.5-147*. 

Order  of  adsorbability;  o-  <  m-  <  p-NA. 

2.  Resolution  of  mixtures  of  2,3-,  2,4-,  2,5-  and  3.4-dinitroanilines.  1.10  g  of  each  dinitroaniline  in 
80  ml  benzene,  column  477  x  12,5  mm,  moisture  content  of  alumina  2.00%  (110-115*),  washing  with  460  ml 
benzene,  pressure  150  mm,  duration  of  experiment  12  hours. 

Washing  of  the  column  with  benzene  caused  a  lower  orange  zone  to  be  eluted  into  the  filtrate  (1st  fraction). 
The  following  demarcated  zones  remained  in  the  column  (bottom  to  top):  colorless,  40  mm  (empty);  orange, 

80  mm  (2nd  fraction);  greenish-yellow,  123  mm  (3id  fraction);  colorless,  3  mm  (empty);  bright-yellow,  10  mm 
(4th  fraction).  Above  these  were  situated  a  light-yellow  (15  mm)  and  a  dirty-orange  (3  mm)  zone,  which  were 
not  investigated  further.  By  the  above  described  method,  crystals  were  isolated:  1st  fraction  —  yellow-orange 
needles,  weight  0.10  g(100%),  m.p.  138.5-139*,  mixed  sample  with  2,5-DNA  (m.p.  140-141.5*)  melted  at 
140-140.5*;  2nd  fraction  —  bright-orange  needles,  weight  0.09  g  (90%),  m.p.  126-126.5*,  mixed  sample  with  2,3- 
DNA  (m.p,  127-128*)  melted  at  125.5-126*;  3rd  fraction—  greenish  crystals,  weight  0.07  g(70%,  m.p.  177.5- 
178*,  mixed  sample  with  2,4-DNA  (m.p.  180*)  melted  at  177-178*;  4th  fraction  —  orange  needles,  weight  0.10  g 
(100%),  m.p.  155-156*,  mixed  sample  with  3,4-DNA  (m.p.  156-157*)  melted  at  155-156*. 

Order  of  adsorbability;  2,5-  2,3-  <  2,4-  <  3,4-DNA. 

3.  Resolution  of  mixture  of  2,3-,  2,4-,  2,5-,  2,6-,  3,4-,  and  3,5-dinitroanilines.  0.03  g  2,6-DNA  and 
0.10  g  each  of  the  remaining  five  isomers  in  130  ml  benzene,  column  617x  12  mm,  adsorbent,  as  in  preceding 
experiment,  washing  with  400  ml  benzene,  duration  of  experiment  12  hours. 

Washing  of  the  column  with  benzene  led  to  elution  into  the  filtrate  of  the  lower  blight -yellow  zone  (1st 
fraction)  and  the  second  from  the  bottom  orange  zone  (2nd  fraction).  In  the  column  remained  the  following 
demarcated  zones;  light-orange,  40  mm  (not  investigated);  colorless,  80  mm  (not  investigated),  yellow,  80  mm 
(3rd  fraction);  intermediate  (3-4th  fraction),  yellow-orange,  125  mm  (4th  fraction);  greenish-yellow,  100  mm 
(5th  fraction);  intermediate  (5-6th  fraction);  bright-yellow,  93  mm  (6th  fraction);  colorless,  10  mm  (not  in¬ 
vestigated)  and  4  narrow  (total  width  14  mm)  zones,  ranging  from  a  dirty-yellow  to  a  dirty-brown  (not  investi¬ 
gated).  Crystals  were  obtained  by  the  usual  method:  1st  fraction  -  golden-yellow  scales,  weight  0.030  g 
(100%),  m.p.  139-139.3*,  mixed  sample  with  2,6-DNA  (m.p.  139.5-140*)  melted  at  139.5-140*;  2nd  fraction- 
small  yellow  needles,  weight  0.10  g  (100%),  m.p.  138.7-139*,  mixed  sample  with  2,5-DNA  melted  at  139.5- 
140*;  3td  fraction—  yellow-orange  crystals,  weight  0.064  g  (64%),  m.p.  161.5-162*,  mixed  sample  with  3,5-DNA 
(m.p.  160-161*)  melted  at  160.7-161*;  3“4th  fraction  (intermedrate)  —  yellow  crystals,  weight  0.047  g  (47%), 
m.p,  126-135*,  not  investigated  further;  4th  fraction  —  yellow  crystals,  weight  0.094  g,  m.p.  112-113*;  for 
purification  it  was  twice  chromatogrammed  on  the  same  adsorbent.  There  was  obtarned  0.06  g,  m.p.  121.5- 
122*;  agarn  chromatogrammed  on  adsorbent  containing  8.00%  moisture.  There  was  obtained  0,05  g  (50%) 
bright-yellow  crystals  with  m.p.  127-127.5*,  a  mixed  sample  with  2,3-DNA  melted  at  127.3-127.5*;  5th  fraction 
—  yellow  crystals,  weight  0.091  g  (91%),  m.p.  178-178.5*,  mixed  sample  with  2,4-DNA  melted  at  178.5-179*; 
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5-6th  fraction  (intermediate)  —  yellow  crystals,  weight  0.016  g  (16*70),  were  not  investigated;  6th  fraction  — 
bright-yellow  crystals,  weight  0.063  g  (63*7)),  m.p.  158-158.5*,  mixed  sample  with  3,4-DNA  melted  at  157.5- 
158*. 

Order  of  adsorbability:  2,6-  <  2,5-  <  3,5-  <  2,3-  <  2,4-  <  3,4-DNA. 

4.  Resolution  of  mixture  of  p-nitroaniline  and  2,5-dinitroaniline.  0.03  g  of  each  compound  in  15  ml 
benzene,  column  173  X  11  mm,  adsorbent,  as  in  experiment  2,  washing  with  110  ml  benzene,  pressure  20  mm. 

The  bottom  orange  zone  was  eluted  into  the  filtrate  (1st  fraction),  the  top  zone,  greenish-yellow,  remain¬ 
ing  in  the  column,  was  eluted  into  the  filtrate  with  ether  (2nd  fraction).  There  was  obtained:  1st  fraction  — 
bright-yellow  needles,  weight  0.03  g  (100*70),  m.p.  138.5-139*,  mixed  sample  with  2,5-DMA  melted  at  138.5- 
139*:  2nd  fraction  —  golden-yellow  crystals,  weight  0.03  (100*7o),  m.p.  148-148.5*,  mixed  sample  with  p-NA 
melted  at  148-148.5*. 

Order  of  adsorbability:  2,5-DNA  <  p-NA. 

5.  Resolution  of  mixture  of  p-nitroaniline  and  2,4,6-trinittoaniline.  0.10  g  of  each  compound  in  50  ml 
benzene,  column  157  X  13.5  mm,  same  adsorbent,  washing  with  140  ml  benzene,  pressure  40  mm. 

The  bottom  greenish-yellow  zone  was  eluted  into  the  filtrate  (1st  fraction),  the  top  greenish-yellow  zone 
was  extracted  from  the  column  and  treated  with  a  mixture  of  ether  and  water.  Isolated:  1st  fraction  —  yellow 
crystals,  weight  0.097  g  (97*7o),  m.p.  192-192.5*,  mixed  sample  with  picramide  (m.p.  192.5-193.5*)  melted  at 
192.5-192.6*;  2nd  fraction  —  yellow  crystals,  weight  0.099  g  (99*7)),  m.p.  150-150.5*,  mixed  sample  with  p-NA 
melted  at  148.5-149*. 

Order  of  adsorbability:  2,4,6-TNA  <  p-NA. 

6.  Resolution  of  mixture  of  2,3-  and  2,5-dinitroanilines  and  2,4,6-trinitroaniline.  0.10  g  of  each  com¬ 
pound  in  80  ml  of  benzene,  column  421  x  12.5  mm,  adsorbent  as  in  experiment  2,  washing  with  330  ml  benzene, 
pressure  80  mm. 

The  bottom  greenish-yellow  zone  was  eluted  into  the  filtrate  and  resolved  into  two  fractions  (1st  fraction 
and  lst-2nd  intermediate  fraction).  The  following  zones  remained  in  the  column:  bright-orange,  120  mm 
(2nd  fraction, and  bright-yellow,  155  mm  (3rd  fraction),  separated  by  a  white  20  mm  zone.  Crystals  were  iso¬ 
lated  in  the  usual  manner:  1st  fraction  —  yellow-greenish  stout  needles,  weight  0.09  g  (90*70),  with  m.p.  192.3- 
193*,  mixed  sample  with  picramide  melts  at  192.3-193.2*;  lst-2nd  fraction  (intermediate),  weight  0.03  g  (30‘7o), 
m.p.  174.5-179*,  evidently  picramide  mixed  with  2,5-DNA;  2nd  fraction  —  yellow-orange  needles,  weight 
0.08  g  (80*7)),  m.p.  138.5-139*,  mixed  sample  with  2,5-DNA  melted  at  138.5-139*;  3td  fraction  —  yellow-orange 
needles,  weight  0.10  g  (100*7)),  m.p.  127-127.5*,  mixed  sample  with  2,3-DNA  melted  at  127-127.5*. 

Order  of  adsorbability:  2,4,6-TNA  <  2,5-  <  2,3-DNA. 

7.  Resolution  of  mixture  of  the  three  mononitroanilines,  six  dinitroanilines  and  picramide.  0.03  g 
2,6-DNA  and  0.1  g  each  of  the  nine  other  compounds  in  100  ml  benzene,  column  710  x  13.5  mm,  adsorbent 
as  in  experiment  2,  washed  with  500  ml  benzene,  pressure  180  mm,  duration  of  experiment  14  hours. 

Washing  gave  the  following  filtrate  fractions  (in  order  of  displacement):  1st  fraction  —  from  greenish- 
yellow  zone;  isolated  0.035  g  (116.6*7))  yellow  crystals  with  m.p.  140-140.5*,  mixed  sample  with  2,6-DNA 
melts  at  140-140.5*;  2nd  fraction  —  from  yellow-green  zone;  isolated  0.05  g  (50*70)  greenish-yellow  crystals  with 
m.p.  192.5-193*,  mixed  test  with  2,4,6-TNA  melts  at  192-192.5*;  3rd  fraction  —  from  orange  zone;  isolated 
0.12  g  substance  with  m.p.  69-89*;  4th  fraction  —  from  the  same  zone;  isolated  0.03  g  substance  with  m.p.  95- 
97*;  5th  fraction  —  from  same  zone;  isolated  0.22  g  substance  with  m.p.  93-99*. 

In  the  column  remained  the  following  demarcated  zones  (from  bottom  to  top):  6th  fraction  —  yellow, 

55  mm,  isolated  0.09  g  of  substance  with  m.p.  120-125*;  7th  fraction—  yellow-orange,  150  mm,  isolated  0.19  g 
of  substance  with  m.p.  91-96*;  7-8th  fraction  (intermediate),  extracted  0.02  g  of  substance;  8th  fraction—  gieen- 
ish-yellow,  120  mm;  extracted  0,08  g  (80*70)  a  substance  with  mixed  sample  with  2,4-DNA  melted  at  177,8-178.2*; 
9th  fraction  —  bright- yellow,  93  mm,  extracted  0.09  g  (90*70)  of  substance  with  m.p.  157.5-158*,  mixed  sample  with 
3,4-DNA  melted  at  157-157.5*. 

Consequently,  after  a  single  chromatograming  of  a  mixture  of  the  10  nitroanilines,  it  was  possible  to 
isolate  in  the  pure  form  2,6-DNA,  2,4,6-TNA,  2,4-DNA  and  3,4-DNA. 


96 


After  two  chromatogramings  of  a  mixture  of  the  3rd  and  4th  fractions  on  the  same  adsorbent  it  was  pos¬ 
sible  to  isolate  0.04  g  (^0’’]o)  o-NA  with  m.p.  71-72.5*  which  did  not  show  a  melting  point  depression  in  admix¬ 
ture  with  authentic  o-NA. 

After  three  chromatogramings  of  the  5th  fraction  it  was  possible  to  isolate  0.03  g  (30*5^))  2,5-DNA  with 
m.p.  134-135*,  a  mixed  sample  with  an  authentic  specimen  melts  at  137.5-138.5*,  and  also  0.03  g  (301i{»)impure 
m-NA*. 

After  two  chromatogramings  on  the  same  adsorbent  with  washrng  with  benzene  and  a  small  amount  of 
ether,  it  was  possible  to  isolate  from  the  7th  fraction  0.02  g  (20%)  2,3-DNA  with  m.p.  126-127*,  a  mixed  sample 
with  an  authentic  preparation  melts  at  127-127.5*. 

Subsequent  attempts  to  isolate  p-NA  and  3,5-DNA  from  the  remaining  mrxtures  did  not  lead  to  satisfactory 
results. 

On  the  basis  of  this  and  of  the  preceding  experiments  the  investigated  nitroanilines  are  arranged  in  the 
following  adsorptron  serres:  2,6-DNA  <  2,4,6-TNA  <  o-NA  <  2,5-DNA  <  m-NA  <  p-NA  +  3.5-DNA  <  2,3- < 

<  2,4-  <  3,4-DNA. 

8.  Resolution  of  a  mixture  of  p-nitroaniline,  3,4-dinitroaniline  and  o-niitophenol.  0.10  g  of  each  com¬ 
pound  in  90  ml  benzene,  column  344  X  12  mm,  adsorbent  as  in  experiment  2,  washing  with  120  ml  benzene, 

280  ml  ether,  pressure  80  mm. 

Washing  of  the  column  gave  the  following  filtrate  fractions  (in  order  of  displacement):  1st  fraction  — 
from  greenish -yellow  zone,  isolated  0.09  g  (90%)  greenish-yellow  needles  with  m.p.  148-148.3*,  mixed  sample 
with  p-NA  melted  at  147.8-148*;  2nd  fraction  from  greenish-yellow  zone,  isolated  0.09  g(90%)  yellow  crystals 
with  m.p.  157.6-158*,  mixed  sample  with  3,4-DNA  melted  at  156.5-157*. 

From  the  bright-yellow  zone  (3rd  fraction)  remaining  in  the  column,  a  compound  was  extracted  by  treat¬ 
ment  with  a  mixture  of  benzene  and  hydrochloric  acid  [4].  Isolated  0.07  g  (70%)  yellow  crystals  with  m.p. 
44.5-45*,  mixed  sample  with  o-NP  melts  at  44-44.5*. 

Order  of  adsorbability:  p-NA  <  3,4-DNA  <  o-NP. 

SUMMARY 

1.  Chromatographic  resolution  was  effected  from  benzene  on  aqueous  alumina  of  seven  artificial  mix¬ 
tures  of  all  the  isomeric  mono-  and  dinitroanilines  and  2,4,6-trinitroaniline,  and  also  of  a  mixture  of  p-nitro- 
aniline,  3,4-dinitroaniline  and  o-nitrophenol. 

The  orders  of  adsorbability  of  these  compounds  were  determined. 

2.  It  was  shown  thar  the  adsorbability  of  nitroanilines  in  chromatographic  resolution  on  aqueous  alumina 
from  benzene  depends  in  great  measure  upon  the  polarity  of  their  molecules,  i.e.  the  fall  (or  rise)  of  adsorb¬ 
ability  in  the  majority  of  cases  is  associated  with  a  lowering  (increase)  of  the  total  dipole  moment  of  the  mole¬ 
cule. 
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NITRATION  OF  P  HE  N  Y  LT  RIF  LU  O  ROM  ET  H  Y  L  SULPHIDE 
L.  M.  Yagupolsky  and  M.  S.  Marenets 


Substitution  reactions  in  the  phenyltrifluoromethyl  sulfide  ring  have  not  previously  been  studied,  and  the 
directive  effect  of  the  SCF3  group  has  therefore  remaned  unknown.  Unlike  methylphenyl  sulfide,  which  does 
not  nitrate  at  low  temperatures  butiijoxidized  to  methylphenyl  sulfoxide  [1],  phenyltrifluoromethyl  sulfide 
easily  forms  nitro  products. 

The  action  on  phenyltrifluoromethyl  sulfide  of  nitrating  mixture  in  the  cold  leads  to  liquid  products  of 
nitration  which  boil  in  vacuum  in  a  narrow  range.  Difficulty  was  encountered  in  the  separation  of  these  sub¬ 
stances  by  distillation;  we  therefore  reduced  the  mixture  of  nitro  products  to  amino  compounds  and  obtained 
their  acetyl  derivatives.  Separation  of  this  mixture  necessitated  study  of  the  properties  of  each  isomer  individual¬ 
ly- 

p-Acetylaminophenyltrifluoromethyl  sulfide  was  previously  described  by  one  of  us  and  A.  I.  Kiprianov 
[2],  but  the  o-  and  p- isomers  were  unknown.  - 

We  prepared  m-acetylaminophenyltrifluoromethyl  sulfide  by  two  routes  according  to  the  schemes: 


Both  methods  gave  one  and  the  same  compound  with  m.p.  129-130*.  o-Acetylaminophenyltrifluoromethyl 
sulfide  could  not  be  obtained  from  o-nitrothioanisole  (similarly  to  scheme  2)  since  chlorination  of  the  latter  gives 
o-nitrobenzoylsulfenyl  chloride  [3].  We  chose  the  following  route  for  preparation  of  the  o-isomer.  By  nitration 
of  m-acetylaminophenyltrifluoromethyl  sulfide  followed  by  removal  of  the  acetyl  group  with  alcoholic  alkali, 
we  obtained  a  mixture  of  three  nitro  products: 
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The  mixture  of  products  was  distilled  with  steam;  amines  (b)  and  (c)  then  came  over  while  the  non¬ 
volatile-in-steam  amine  (a)  was  purified  by  crystallization  and  then  subjected  to  deamination,  reduction  and 
acetylation. 

The  para -isomer  proved  considerably  less  soluble  in  alcohol  than  the  ortho-isomer.  However,  although 
fractional  crystallization  from  alcohol  can  be  employed  for  separation  of  the  mixture  of  acetylamino  compounds 
obtained  from  phenyltrifluoromethyl  sulfide,  the  method  is  laborious. 

We  turned  our  attention  to  the  fact  that  o-acetylaminophenyltrifluoromethyl  sulfide,  unlike  the  para- 
isomer,  readily  sublimes  on  gentle  heating;  this  behavior  is  evidently  due  to  a  formation  of  a  hydrogen  bond 
between  the  atoms  of  nitrogen  and  fluorine.  As  we  found,  o-acetylaminobenzotrifluoride  also  sublimes  readily. 
We  easily  separated  the  mixture  of  acetylamino  derivatives  by  using  this  method. 

The  meta-isomer  could  not  be  detected  in  the  mixture.  In  a  series  of  experiments  60-65*70  para-isomer 
and  30-35*70  ortho-isomer  were  obtained. 

We  nitrated  phenyltrifluoromethyl  sulfide  also  under  more  drastic  conditions  —  with  a  mixture  of  fuming 
nitric  acid  and  monohydrate  at  60*.  The  resultant  mixture  of  nitro  products  was  reduced  with  stannous  chloride 
to  a  mixture  of  amines  which  was  acetylated.  After  crystallization  the  diacetyl  derivative  of  diaminophenyl- 
trifluorom ethyl  sulfide  was  isolated.  Bearing  in  mind  the  ortho-  and  para-directing  effect  of  the  SCF3  group,  it 
can  be  assumed  that  nitration  gave  2,4-dinitrophenyltrifluoromethyl  sulfide,  and  that  its  reduction  gave  the 
2,4-diamine.  We  obtained  the  latter  in  the  pure  form  by  saponification  of  its  diacetyl  derivative. 

From  the  mixture  of  acetylamino  compounds  was  also  isolated  a  small  amount  of  p-acetylaminophenyl- 
trifluoromethyl  sulfide.  Oxidation  of  m-nitrophenyltrifluorom ethyl  sulfide  with  chromic  anhydride  in  sulfuric 
acid  gave  m-nitrophenyltrifluoromethyl  sulfide.  Its  reduction  with  stannous  chloride  led  to  m-aminophenyltri- 
fluoromethyl  sulfone. 


EXPERIMENTAL 

m-Nitrophenylmethyl  sulfide  was  prepared  by  Brand  and  Leyerzapf  [4]  from  m-nitrothiocyanobenzene  by 
transformation  of  the  latter  into  3,3'-dinitrodiphenyl  disulfide,  which  was  reduced  to  3-nitrothiophenol  and  methyl¬ 
ated  with  dimethyl  sulfate.  We  prepared  m-nitropnenylmethyl  sulfide  from  m-nitrothiocyanobenzene  in  one 
step  as  follows:  To  21  7  ni-nitrothiocyanobenzene  in  a  rounct-bct;oni  flask  ..  is  .iclded  a  solution  of  21  g 
KOI  I  in  21  mi  water  and  165  ml  methyl  alcohol.  Tlie  mixtiue  ..  as  rcfluxs  i  30  minutes  on  a  -.vater 
bath  ..nd  then  ./..s  pourcc.  into  1  liter  of  //..ter.  The  resultant  aqueous  soiuuon  of  m-nitro.hiv.>phenol  .te 
was  methylated  by  gradual  addition  of  21  g  dimethyl  sulfate  with  vigorous  stirring.  It  was  necessary  that  the 
mixture  should  have  an  alkaline  reaction  the  whole  time,  for  which  purpose  10*7o  sodium  hydroxide  solution  was 
added  from  time  to  time.  The  temperature  was  held  at  50-60*.  The  next  day  the  dark  oil  which  had  separated 
out  was  extracted  with  benzene,  the  latter  was  distilled  off,  and  the  product  was  distilled  in  vacuum.  B.  p.  133- 
134*  at  4  mm.  Yield  18  g  (91*7>). 

m-Nitrophenyltrichloromethyl  sulfide.  18  g  m-nitrophenylmethyl  sulfide  was  dissolved  in  30  ml  dry 
chloroform  and  through  the  solution  was  passed  a  stream  of  dry  chlorine  under  iced  water  cooling  and  irradiation 
with  a  200-watt  incandescent  lamp.  In  the  course  of  10  minutes  the  chlorine  was  completely  absorbed  without 
evolution  of  hydrogen  chloride.  Thereafter  there  was  copious  evolution  of  HCl.  Chlorination  was  continued 
until  the  required  weight  increase  had  been  attained;  after  this  the  solution  was  left  one  hour  at  room  temperature; 
the  chloroform  was  then  distilled  off.  The  product  crystallized.  Yield  27.3  g  (95*7o).  After  crystallization  from 
ligroine,  it  had  m.p.  73-74*. 

m-Nitrophenyltrifluoromethyl  sulfide  is  mentioned  in  a  patent  [5]  which  gives  only  its  b.p.  (103-105*  at 
10  mm).  The  preparation  was  synthesized  in  the  following  manner. 

a)  27  g  m-nitrophenyltrichloromethyl  sulfide  and  27  g  sublimed  antimony  trifluoride  were  heated  in  a 
Claisen  flask  over  a  bare  flame  until  the  mixture  melted  and  an  exothermic  reaction  commenced.  As  soon  as 
the  liquid  began  to  distill,  the  flask  was  connected  to  vacuum  and  the  fluorinated  product  was  distilled  off  to  ¬ 
gether  with  the  antimony  trichloride.  The  mixture  was  dissolved  in  100  ml  ether,  the  solution  was  washed 
several  times  with  6.0  N  hydrochloric  acid  until  the  wash  liquor  remained  transparent  after  dilution  with  water. 

The  ethereal  solution  was  washed  with  water  and  dried  over  anhydrous  sodium  sulfate.  The  product  was  distilled 
in  vacuum.  B.p.  113-114*  at  20  mm.  Yield  17  g  (76.6*7o). 

Found  ojo:  N  6.11,  6.19.  C7H4O2NSFS.  Calculated  *70:  N  6.28. 
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b)  15  g  3-nitro-4-aminophenyltrifluoromethyl  sulfide  [6]  was  dissolved  in  30  ml  alcohol  and  8.4  g  sul¬ 
furic  acid  (d  1.84)  was  added;  the  mixture  was  cooled  to  0*  and  diazotized  with  a  solution  of  4.5  g  NaN02  in 
4  ml  water.  The  temperature  was  held  not  higher  than  10*. 

The  diazo  solution  was  filtered  and  refluxed  one  hour  on  a  water  bath.  The  product  was  steam- distilled 
and  extracted  from  the  distillate  with  benzene.  The  benzene  was  distilled  off  and  the  residue  distilled  in 
vacuum.  B.p.  113-114*  at  20  mm.  Yield  10  g 

m-Aminophenyltrifluoromethyl  sulfide.  13.6  g  m-nitrophenylttifluorom ethyl  sulfide  was  dissolved  in 
40  ml  alcohol,  and  then  gradual  addition  was  made  with  stirring  of  a  solution  of  74  g  SnCl2*  2H2O  in  50  ml 
cone.  HCl.  The  mixture  was  heated  one  hour  on  a  water  bath.  The  alcohol  was  distilled  off  under  the  vacuum 
of  a  water  jet  pump  and  the  residue  was  poured  on  to  300  g  ice  and  300  ml  40<7o  NaOH.  The  amine  was  ex¬ 
tracted  with  ether,  the  ethereal  solution  dried  over  calcined  sodium  sulfate,  the  ether  distilled  off  and  the 
amine  distilled  in  vacuum,  B.p.  108-110*  at  5  mm.  Yield  10  g  (85%). 

Feund  %:  N  6.99,  7.21.  CtHjNSFj.  Calculated  %:  N  7.25. 

The  hydrochloride  decomposes  at  240-241*  (in.a  sealed  capillary). 

The  acetyl  derivative  melts  at  129-130*. 

Found  %:  N  6.07,  6.09.  CgHjONSF,.  Calculated  %:  N  5.96. 

o-Acetylaminophenyltrifluoromethyl  sulfide.  7.5  g  m-acetylaminophenyltrifluoromethyl  sulfide  was 
put  in  a  three-necked  reactor  fitted  with  mechanical  stirrer,  thermometer  and  dropping  funnel,  and  slow  ad¬ 
dition  was  made  (cooling  to  — 5*)  of  nitrating  mixture  12.5  ml  HNOs  (d  1.41)  and  41  ml  H2SO4  (d  1.84).  The 
mass  was  stirred  2  hours  with  maintenance  of  the  temperature  at  2-4*.  The  product  was  poured  on  ice,  filtered, 
and  washed  with  water.  Yield  of  mixture  of  isomers  of  nitro-p-acetylaminophenyltrifluoromethyl  sulfide  7.8  g 
(93%). 

The  acetyl  derivative  was  saponified  by  heating  the  mixture  on  a  water  bath  with  a  solution  of  2.5  g 
KOH  in  5  ml  water  and  16  ml  alcohol  for  15  minutes.  After  a  few  hours  the  solution  was  diluted  with  water 
and  the  product  filtered  and  washed  with  water.  Yield  6  g  (90%). 

6  g  of  the  mixture  of  nitro  isomers  of  m-aminophenyltrifluoromethyl  sulfide  was  steam -distilled.  The 
3-amino-6-nitrophenyltrifluoromethyl  sulfide  remaining  in  the  flask  was  filtered  and  crystallized  from  alcohol. 
Yield  2.2  g,  m.p.  126-127*. 

2  g  3-amino-6-nitrophenyltrifluoromethyl  sulfide  was  deaminated  in  the  following  manner:  the  amine 
was  dissolved  in  5  ml  alcohol  and  1,3  ml  H2S04(d  1.84)  was  added;  the  mass  was  cooled  to  0*  and  diazotized, 
with  stirring,  with  a  solution  of  0.68  g  sodium  nitrite  in  1  ml  water.  The  solution  was  boiled  2  hours  on  a 
water  bath,  after  which  the  product  was  distilled  with  steam  and  extracted  from  the  distillate  with  ether;  the 
ethereal  solution  was  dried  over  Na2S04  and  distilled  in  vacuum.  B.p.  78-82*  at  8  mm.  Yield  1.3  g  (65%). 
Reduction  of  the  prepared  o-nitrophenyltrifluorom ethyl  sulfide  to  the  amine  was  effected  in  the  usual  way  by 
treatment  with  a  hydrochloric  acid  solution  of  stannous  chloride.  The  amine  was  extracted  with  ether,  and 
after  distillation  of  the  ether  it  was  acetylated  with  acetic  anhydride.  Yield  of  o-acetylaminophenytrifluoro- 
methylsulfide  0.8  g;  after  crystallization  from  aqueous  alcohol  it  melted  at  123-124*.  The  product  readily 
sublimed.  Hydrochloride  salt  melted  at  164-165*  (in  sealed  capillary). 

Found  %:  N  5.9,  6.09.  CsHjONSFj.  Calculated  %:  N  5.96. 

Nitration  of  phenyltrifluoromethyl  sulfide,  a)  Nitration  with  nitrating  mixture  [HNOa  (d  1.41)  and  H2SO^ 
(d  1.84)]  in  the  cold.  20  g  phenyltrifluoromethylsulfide  was  nitrated  in  a  three-necked  reactor,  fitted  with 
mechanical  stirrer,  dropping  funnel  and  thermometer,  by  gradual  addition  of  a  nitrating  mixture  of  22  ml  of 
HNOs  (d  1.41)  and  27  ml  of  H2SO4  (d  1.84)  cooled  to  0*.  The  nitrating  mixture  was  added  in  the  course  of  20 
minutes,  and  the  mixture  was  then  stirred  another  3  hours  at  +  5*  and  1  hour  at  +  15*.  The  product  was  poured 
on  ice  and  extracted  with  ether.  The  ethereal  extract  was  washed  with  water  and  dried  with  calcined  sodium 
sulfate;  the  ether  was  distilled  off  and  the  mixture  of  o-  and  p-nitrophenytrifluoromethyl  sulfides  distilled. 
Yield  22  g(88%). 

For  determination  of  the  composition  of  the  mixture  of  nitro  products,  the  latter  was  reduced  and  acetyl¬ 
ated  in  the  following  way:  Into  a  three-necked  reactor,  fitted  with  mechanical  stirrer,  themometer  and  drop¬ 
ping  funnel,  were  introduced  160  ml  water,  4  ml  glacial  acetic  acid  and  25  g  iron  filings.  At  the  boil  and 
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with  stirring,  gradual  addition  was  then  made  of  22  g  of  a  mixture  of  the  nitro  derivatives  of  phenyltrifluoro- 
methyl  sulfide,  after  which  boiling  was  continued  for  5  hours.  The  contents  of  the  reactor  were  made  alkaline 
with  sodium  carbonate  and  the  product  distilled  with  steam.  The  distillate  was  extracted  with  ether,  the  ether¬ 
eal  solution  dried  with  calcined  Na2S04  and,  after  removal  of  the  ether,  the  residue  of  mixture  of  amino  de¬ 
rivatives  of  phenyltrifluoromethyl  sulfide  was  distilled  in  vacuum.  B.p.  73-85*  at  5  mm.  Yield  16  g  (84‘^J>). 

16  g  amino  compounds  was  acetylated  with  16  ml  acetic  anhydride.  The  mixture  was  diluted  with  water,  heated 
on  a  water  bath  10  minutes  and  cooled;  the  acetylamino  compounds  were  filtered  off.  Yield  16.5  g  (85%). 

16  g  of  the  mixture  of  acetylamino  derivatives  was  sublimed  in  3-5  g  portions  on  a  watch  glass  coveted 
with  a  funnel,  while  gently  heating.  From  16  g  of  the  mixture  was  obtained  5.4  g  sublimate  with  m.p.  123-124* 
after  crystallization  from  aqueous  alcohol.  A  mixed  sample  with  the  above-described  o-acetylaminophenyl- 
trifluoromethyl  sulfide  did  not  give  a  depression.  Saponification  of  the  acetyl  derivative  by  boiling  with  15% 
hydrochloric  acid  gave  o-aminophenyltrifluorom ethyl  sulfide  with  b.p.  70-72*  at  7  mm.  M.p.  30-31*. 

The  para -isomer  remained  unsublimed.  Crystallization  from  70%  aqueous  alcohol  in  presence  of  carbon 
gave  9.1  g  substance  with  m.p.  184-185*.  No  depression  in  admixture  with  the  pure  isomer. 

Consequently,  resolution  of  the  isomers  gave  5.4  g  (34%)  o-acetylaminophenyltrifluoromethyl  sulfide  and 

9.1  g(57%)  p-acetylaminophenyltrifluoromethyl  sulfide.  The  yield  of  para-isomer  is  approximately  twice  that 
of  the  ortho-isomer.  This  ratio  was  obtained  in  a  series  of  repeated  experiments. 

b)  Nitration  of  phenyltrifluoromethyl  sulfide  with  nitrating  mixture  [HNOg  (d  1.51)  and  H2SO4  (d  1.84)] 
at  60*.  10  g  phenyltrifluoromethyl  sulfide  was  cooled  to  — 5*,  the  stirrer  was  started,  and  addition  of  a  cooled 
nitrating  mixture  of  10.6  g  HNOs  (d  1.51)  and  25  g  H2S04(d  1.84)  was  made  in  the  course  of  40  minutes,  the 
temperature  being  held  at  not  higher  than  +  5*.  The  temperature  was  then  gradually  raised  to  60*  and  held  20 
minutes  at  this  level;  the  mass  was  then  cooled  and  poured  on  ice.  The  product  was  extracted  with  chloroform, 
the  chloroform  extract  was  washed  with  water  to  remove  acids,  the  chloroform  was  driven  off,  and  the  residue 
distilled  in  vacuum  to  give  two  fractions:  1st  —  to  152*  at  12  mm,  1.8  g;  2nd  —  156-160*  at  12  mm,  10.3  g. 

To  a  solution  of  1.8  g  nitro  compound  (1st  fraction)  in  12  ml  alcohol  was  gradually  added  a  solution  of 

9.2  g  SnCl2' 2H2O  in  13  ml  concentrated  hydrochloric  acid,  the  temperature  being  held  at  60-70*;  after  that 
the  mixture  was  heated  40  minutes  on  a  water  bath,  the  alcohol  was  distilled  off,  and  the  residue  cooled  and 
poured  into  a  40%  solution  of  sodium  hydroxide  containing  ice.  The  amine  was  extracted  with  ether,  the  ether¬ 
eal  extract  dried  over  anhydrous  Na2S04,  and  the  ether  driven  off.  The  residual  amine  was  acetylated  with 
acetic  anhydride.  There  was  obtained  1.2  g  mixture  of  acetyl  derivatives.  From  this  mixture  could  be  isolated, 
by  fractional  crystallization  from  alcohol,  0.6  g  substance  with  m.p.  181-182*  which  did  not  give  a  depression 
in  admixture  with  p-acetylaminophenyltrifluoromethyl  sulfide,  and  0.4  g  with  m.p.  223-224*. 

A  solution  of  10.3  g  nitro  compound  (2nd  fraction)  in  70  ml  alcohol  was  reduced  as  described  above  with 
a  solution  of  50  g  SnCl2*  2H2O  in  70  ml  concentrated  hydrochloric  acid.  After  reduction,  the  amine  was 
acetylated  with  10  ml  acetic  anhydride.  The  acetyl  derivative  was  twice  crystallized  from  alcohol.  Yield 
6.5  g,  m.p.  229-230*.  Analysis  showed  that  the  compound  is  the  diacetyl  derivative  of  diaminophenyltrifluoro- 
methyl  sulfide. 

Found  %:  N  9.32,  9.45.  CiiHn02N2SFs.  Calculated  %:  N  9.58. 

The  acetyl  derivative  with  m.p.  223-224*,  isolated  from  the  1st  fraction,  does  not  give  a  depression 
with  the  substance  with  m.p,  229-230*  and  is  the  same  diacetyl  derivative. 

Thus  the  reduction  and  acetylation  of  the  nitro  products  obtained  by  nitration  of  phenyltrifluoromethyl 
sulfide  with  fuming  nitric  acid  gave  0,6  g(4.5%)  p-acetylaminophenyltrifluoromethyl  sulfide  and  7  g  (41.7%) 
2,4-diacetyldiaminophenyltrifluoromethyl  sulfide. 

2.4-Diaminophenyltrifluoromethyl  sulfide.  1  g  2,4-diacetyldiaminophenyltrifluoromeThyl  sulfide  with 
m.p.  229-230*  was  refluxed  in  a  small  flask  with  10  ml  15%  hydrocnloric  acid  for  1  hour.  After  crystallization 
from  aqueous  alcohol  m.p.  74-75*. 

Found  %:  N  13.41,  13.70.  C7H7N2SF3.  Calculated  %:  N  13.46. 

m-Nitrophenyltrifluoromethyl  sulfone.  In  a  reactor,  fitted  with  mechanical  stirrer,  thermometer  and 
condenser,  were  placed  13  g  m-nitrophenyltrifluoromethyl  sulfide,  8.3  g  Cr03,  8.3  g  H2SO4  (d  1.84)  and  19  ml 
water.  The  mixture  was  stirred  15  hours  at  120-130*.  The  product  was  steam -distilled  and  filtered.  After 
crystallization  from  alcohol  it  had  m.p.  56-57*.  Yield  13  g  (90%). 


Found  %:  N  5.27,  5.38.  C7H4O4NSF3.  Calculated  N  5.49. 

The  product  is  referred  to  in  a  patent  which  only  gives  the  b.p.  as  146-148*  at  11  mm. 

m-Aminophenyltrifluoromethyl  sulfone.  To  a  solution  of  13  g  m-nitrophenyltrifluoromethyl  sulfone 
in  35  ml  of  alcohol  was  gradually  added  a  solution  of  75  g  of  SnCl2*  2H2O  in  55  ml  of  hydrochloric  acid  (dl.l9). 
The  temperature  was  held  at  60-70*.  The  mixture  was  then  heated  for  one  hour  over  a  water  bath,  the  alcohol 
was  driven  off  and  the  residue  was  poured  over  a  mixture  of  40%  NaOH  solution  and  ice  and  the  product  was 
extracted  with  benzene.  After  the  benzene  was  driven  off,  the  amine  was  crystallized  from  aqueous  alcohol. 
Yield  8  g  (72%,  m.p.  78-79*). 

Found  %:  N  6.41,  6.48.  C7H4O2NSF3.  Calculated  %:  N  6.22. 

SUMMARY 

1.  o-  and  m -amino-  and  acetylaminophenyltrifluoromethyl  sulfides  were  synthesized. 

2.  It  was  shown  that  nitration  of  phenyltrifluorom ethyl  sulfide  in  the  cold  gives  a  mixture  of  o-  and 
p-nitrophenyltrifluoromethyl  sulfides;  from  these  were  prepared  the  corresponding  amino  and  acetyl  derivatives. 

3.  The  main  product  of  nitration  of  phenyltrifluoromethyl  sulfide  at  60*  is  2,4-dinitrophenyltrifluoro" 
methyl  sulfide.  From  the  latter  by  reduction  and  acetylation  are  obtained  2,4-diamino-  and  diacetyldiamino- 
phenyltrifluoromethyl  sulfides. 

4.  m-Nitro-  and  m-aminophenyltrifluoromethyl  sulfones  are  synthesized. 
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STRUCTURE  AND  COLOR  OF  p -PHENY  LAZO -SUBSTITUTED  ANILS  OF 

GLUTACONIC  DIALDEHYDE 


N,  E,  Grigoryeva  and  R.  M.  Zueva 


Reaction  of  2,4-dinitrophenylpyridiniuin  chloride  with  p-aminoazobenzene  gives  [1]  the  p-phenylazo- 
substituted  dianil  of  glutaconic  dialdehyde: 


H 

\  ):-N=N-<^  >-N-(CH=CH),-CH=N-/~’>-N=N-<2J^  ci- 


(I) 


Cychzation  leads  to  a  quaternary  salt  —  p-phenylazophenylpyridiniumchloride: 


/  \_N— N— ^ 


(ii) 


and  p-aminoazobenzene.  This  transformation  of  the  dye  confirms  its  structure.  p-Phenylazophenylpyridinium 
chloride  is  easily  cleaved  by  caustic  alkali  with  formation  of  the  p-phenylazo-substituted  monoanil  of  glutaconic 
dialdehyde: 


/ — \ 
\ _ /■ 


-N=N-/_> 


-CH=CH-CH=CH-C 


(Ill) 


The  structure  of  the  monoanil  was  confirmed  by  the  formation  from  it  of  the  dianil  (I). 

The  symmetrical  dye  (I)  is  sparingly  soluble  in  methyl  and  ethyl  alcohols,  more  soluble  in  glacial  acetic 
acid.  Its  concentrated  alcoholic  solution  has  a  red-violet  color  similar  to  that  of  the  corresponding  benzidine 
derivative  [2],  but  unlike  the  latter  the  color  deepens  ap{*eciably  on  dilution.  Depending  upon  the  dilution  and 
the  rate  of  preparation  of  the  solution,  various  values  of  the  absorption  maxima  are  obtained  (525,  500  and  485 
mji).  Both  (I)  and  (III)  were  examined  spectroscopically.  As  we  see  from  Fig.  1,  the  absorption  curves  of  the 
dianil  (I)  in  ethyl  alcohol  (1  and  1')  lie  in  the  same  region  and  are  similar  in  character  to  the  absorption  curve 
of  the  base  (2)  in  ethyl  alcohol.  The  curve  1'  was  determined  after  15  minutes,  comparison  of  these  curves  shows 
that  the  dye  changes  in  course  of  time. 

Fig.  2  contains  the  absorption  curves  of  dianil  (I)  in  acetic  acid  and  in  96*70  ethyl  alcohol  +  HCl  (in  the  lat¬ 
ter  case  determinations  were  made  at  intervais).  The  absorption  curve  in  acetic  acid  is  5  times  higher  than  Curve 
2  in  alcohol  +  HCl;  the  acetic  acid  solutions  of  the  dye  slowly  change  with  time;  this  process  is  very  rapid  in 
solutions  in  alcohol  +  HCl,  as  can  be  seen  by  comparing  Curves  2,  2’  and  2".  Comparison  of  the  absorption 
curves  (Figs.  1  and  2)  shows  that  the  dye  is  hydrolyzed  in  ethyl  alcohol;  a  salt /base  equilibrium  is  established 
in  the  solution;  in  a  neutral  solvent  this  equilibrium  is  shifted  entirely  in  the  direction  of  formation  of  the  base; 
hydrochloric  acid  shifts  the  equilibrium  in  the  direction  of  formation  of  salt.  However,  the  hydrolysis  is  not 
complete,  as  evident  from  comparison  of  Curves  2  and  1:  in  acetic  acid  the  dye  is  not  hydrolyzed  and  the  curve 
is  very  strong  with  a  well-marked  maximum. 
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Fig.  1.  Absorption  curves  of  dye  (I). 

1)  In  ethyl  alcohol;  1’)  in  ethyl  alcohol  after  16  min¬ 
utes;  2)  in  presence  of  caustic  alkali. 

In  order  to  clarify  the  influence  of  acids  of  dif¬ 
ferent  strengths  on  the  character  of  salt  formation,  since 
the  base  of  dye  (I)  has  several  centers  of  basicity  we 
plotted  the  absorption  curves  of  salts  obtained  by  add¬ 
ing  excess  of  hydrochloric,  carbonic  and  acetic  acids 
to  an  alcoholic  solution  of  the  base.  As  we  see  from 


t 


600  550  500  ^50  K 


Fig,  2.  Absorption  curves  of  dye  (I). 

1)  In  acetic  acid;  2)  in  ethyl  alcohol  +  HCl;  2')  the 
same,  after  15  minutes;  2”)  the  same,  after  30  minutes. 


Fig.  3,  salt  formation  is  similar  in  presence  of  hydrochloric  and  acetic  acids.  The  character  of  the  curves  shows 
that  in  alcoholic  solution  hydrolysis  occurs  in  presence  of  both  acids.  The  curve  of  absorption  in  presence  of 
carbonic  acid  is  very  different;  the  latter  evidently  does  not  react  with  all  the  centers  of  basicity  but  only  with 
the  strongest  center,  although  our  data  do  not  permit  us  to  distinguish  this  center.  The  characteristic  behavior 
of  dye  (I)  in  solutions  is  undoubtedly  associated  with  the  influence  of  the  phenylazo  group.  Hydrolysis  was  also 
observed  in  other  anils  of  glutaconic  aldehyde,  especially  when  substituted  in  the  aromatic  rings  with  electron- 
accepting  groups  [3].  It  may  be  suggested  that  the  phenylazo  group  acts  as  an  electron-accepting  substituent  with 
lowering  of  the  basicity  of  the  nitrogens  of  the  amino  groups,  and  a  proton  is  detached  if  the  solvent,  for  example 
alcohol,  is  capable  of  accepting  it.  Change  of  color  of  the  base  of  dye  (I)  in  presence  of  acids  is  undoubtedly 
associated  with  the  characteristic  salt -forming  behavicw  of  p-aminoazobenzene  which  many  authors  have  in¬ 
vestigated  [4]  and  is  also  observed  in  the  unsubstitutea  anil  of  glutaconic  dialdehyde. 


Fig,  3.  Absorption  curves  of  the  base  of  dye  (I)  in  ethyl 
alcohol. 

1)  Base;  2)  base  +  CHjCCXDH;  3)  base  +  HCl;  4)  base  + 

+  HjCO,. 


Fig.  4.  Absorption  curves  of  dye  (III). 

1)  Acetone  +  HCl;  1')  acetone  +  NaOH;  2)  ethyl  alcohol 
+  HCl;  2*)  ethyl  alcohol  +  NaOH;  3)  acetic  acid;  4)  acetic 
acid  +  HCl. 
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The. phenylazo -substituted  rnonoauil  of  glutaconic  dialdehyde  (III)  in  neutral  solvents  gives  relatively  stable 
solutions.  Tliis  dye  belongs  to  the  so-called  intrainoid  dyes,  characteristic  of  which  is  the  phenomenon  of  solva- 
tochromy,  which  has  been  studied  in  detail  by  A,  I,  Kiprianov  and  co -workers  [5].  The  absorption  maximum  of 
the  monoanil  in  ethyl  alcoliol  is  465  in^j,  in  acetone  it  is  495  m^j;  it  is  an  amphoteric  iJase  and  forms  colored  salts 
with  acids  and  alkalies.  Us  cation  and  anion  have  the  same  color  in  alcohol  (Fig.  4),  the  absorption  maximum  is 
530  mfj[.  It  may  be  suggested  that  in  both  cases  salt  formation  proceeds  at  the  same  centers  of  basicity,  but  the 
considerably  greater  intensity  of  the  anion  demonstrates  that  the  anionoid  character  of  the  base  is  more  strongly 
manifested;  the  color  of  the  anion  is  more  stable  than  that  of  the  cation.  The  structure  of  the  monoanil  (III) 
enables  us  to  postulate  the  existence  of  three  tautomeric  forms; 


^-N-CH=CH-CH=CH-C: 

(a) 


/  N=CH-CH=CH— CH=CH0H; 

^  ^  (b' 


M 


3 

^==N-CH=CH  -CH  =^CH-C^ 
"  (O 


In  presence  of  acids  the  formation  of  Form  (c)  is  more  probable: 


\ _ /■ 


=\_ 


=N-[CH=CH],— c; 


Jh] 

„r 


since  it  may  govern  the  absorption  in  the  long-wave  portion  of  the  spectrum;  alkali  is  bound  to  shift  the  equilib¬ 
rium  in  the  direction  of  the  enol  Form  (b)  with  formation  of  the  colored  anion: 


/  ^_N=N-:^  ^-N=CH-CH=CH-CH=C; 


Na+. 


In  acetone  solutions  in  presence  of  acid  and  alkali  the  band  splits  up  and  two  maxima  are  formed  for  the 
acid  salt  and  three  for  the  anion.  The  solution  of  the  monoanil  (III)  in  acetic  acid  has  a  red  color;  rapid  qualit¬ 
ative  determination  of  the  absorption  curve  gives  a  maximum  at  530  mju;  but  this  color  is  unstable  and  rapidly 
changes  on  preparation  of  a  solution  of  a  certain  concentration,  and  non -characteristic  curve  3  is  obtained.  Ad¬ 
dition  of  hydrochloric  acid  to  the  acetic  acid  solution  led  to  Curve  4,  which  resembles  the  absorption  curve  of 
the  monoanil  in  acetone  +  HCl  (1). 


EXPERIMENTAL 

l,5-Bis(p-phenylazophenyleneamino)-pentadien-l,3-ylidene-5 -chloride.  A  mixture  of  3  g  p-aminoazo- 
benzene  and  2.1  g  2,4-dinitrophenylpyridinium  chloride  in  10  ml  ethyl  alcohol  was  heated  on  a  water  bath 
about  half  an  hour.  After  3-4  hours  the  precipitate  of  dye  was  filtered  off,  washed  with  water,  alcohol  and  ether; 
after  drying  it  was  washed  free  from  dinitroaniline  with  warm  acetone  (until  disappearance  of  the  red  color  of 
the  acetone  solution  with  caustic  alkali).  The  so-purified  dye  formed  lustrous  green  needles  (the  crystals  were 
perfectly  homogeneous  under  the  microscope).  Yield  3.4  g  (92‘^()).  If  the  condensation  is  performed  in  presence 
of  pyridine,  the  dye  is  formed  after  only  3-5  minutes  dhd  in  a  purer  form  than  on  condensation  in  alcohol  (yield 
84%).  For  analysis  and  spectroscopic  determinations  the  dye  was  twice  crystallized  from  glacial  acetic  acid  or 
from  methyl  alcohol  (it  crystallizes  with  the  solvent).  The  melting  point  of  the  air -dry  dye,  recrystallized  from 
methyl  alcohol,  is  138-139";  recrystallized  from  glacial  acetic  acid  it  is  152-153*.  After  drying  1  hour  at  80-90" 
the  melting  point  rises:  from  methyl  alcohol  to  156-158",  from  acetic  acid  to  172-173". 
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The  dye  is  soluble  in  pyridine,  acetic  acid  and  methyl  and  ethyl  alcohols,  very  poorly  soluble  in  water  and 
acetone:  it  changes  color  in  different  solvent^. 

Found  N  16.09.  CjjHisNeCI  •  CH3OH.  Calculated  <70:  N  16.02. 

p-Phenylazophenylpyridinium  chloride  was  prepared  by  decomposing  the  dye  in  pyridine,  water  and  in  the 
dry  form.  1  g  dye  in  15  ml  pyridine  was  heated  until  the  fuchsine  color  changed  to  greenish-brown.  The  next 
day  an  orange,  crystalline  precipitate  came  down  which  was  readily  soluble  in  water  and  alcohol,  less  soluble 
in  pyridine,  and  quite  insoluble  in  acetone.  The  melting  point  of  the  product  after  washing  with  ether  was  148‘. 
Yield  0.5  g  (84<7o).  After  decomposition  of  the  dye  in  water  at  the  boil  followed  by  the  usual  purification  [2]  the 
yield  of  salt  was  about  60^0.  Decomposition  in  the  dry  form  was  carried  out  in  15-20  minutes  at  125-128°,  the 
original  color  disappeared,  and  the  product  -  a  mixture  of  p-aminoazobenzene  and  quaternary  salt  -  became 
orange.  The  salt  was  washed  free  from  p-aminoazobenzene  by  heating  several  times  with  acetone  (until  disap¬ 
pearance  of  the  pink  color  with  hydrochloric  acid).  Yield  0.65  g  (86.6*70)  orange  product  with  m.p.  148-149°. 

A  mixed  sample  with  the  product  obtained  by  decomposition  in  pyridine  did  not  give  a  depression.  A  red  color 
appeared  when  the  aqueous  solution  of  the  quaternary  salt  was  treated  in  the  cold  with  caustic  alkali. 

Found  “Tr.  N  13.36,  13.53.  C^HuNjCl  •  H,0.  Calculated  ^o:  N  13.40. 

The  picrate  -  bright -orange  crystals,  recrystallized  from  water,  m.p.  176-177  . 

Found  <5fc:  N  17.33.  CuNuNgO^.  Calculated  N  17.21. 

l-(p-Phenylazophenyleneamino) -pentadien-l,3-al-5.  To  a  solution  of  0.6  g  p-phenylazophenylpyridinium 
chloride  in  5  ml  water  was  added  dropwise  a  15*70  solution  of  sodium  hydroxide  until  precipitate  ceased  to  come 
down.  The  precipitate  was  washed  free  from  caustic  alkali  with  water  on  the  filter  and  dried.  After  recrystal¬ 
lization  from  acetone  0.15  g  dark-brcwn,  finely  crystalline  substance  was  obtained  (under  the  microscope  homo¬ 
geneous,  brown -red  crystals).  The  product  had  good  solubility  in  acetone  and  dichloroethane,  less  so  in  alcohol 
and  water.  Salts  with  a  deeper  color  are  formed  in  solutions  with  acids  and  caustic  alkalies. 

Found  *7):  N  15.15.  CnH^NjO.  Calculated ‘7o:  N  15.16. 

The  dianil  (I)  is  formed  when  p-aminoazobenzene  and  hydrochloric  acid  are  added  to  the  acetic  acid  solu¬ 
tion  of  the  monoanil. 

The  absorption  curves  of  the  dyes  were  plotted  with  a  Goldberg  spectrodensograph. 

SUMMARY 

1.  Two  previously  undescribed  pentamethylene  dyes  were  synthesized-  1)  l,5-BiS'(p-phenylazophenyl- 
eneamino)-pentadien-l,3-ylidene-5,  2)  l-(p-phenylazophenyleneamino)-pentadien-l,3 -al-5  and  the  quaternary 
salt  -  p-phenylazophenylpyridinium  chloride. 

2.  The  absorption  curves  of  the  dyes  were  determined  in  ethyl  alcohol,  acetic  acid,  and  ethyl  alcohol  in 
presence  of  NaOH,  HCl,  CHjCOOH  and  H2CO3,  and  the  causes  of  the  differing  absorption  of  the  dyes  in  different 
media  were  examined. 
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ACTION  OF  SULFUR  CHLORIDE  ON  6 -AMINOANTHRAQUINONE 

M.  K.  Bezzubets 


The  action  of  sulfur  chloride  on  dry  hydrochlorides  [1]  of  aromatic  amino  compounds  or  on  the  free  amino 
compounds  [2]  dissolved  in  neutral  solvents,  with  a  free  para-  and  one  ortho -position  in  the  ring,  leads  to  forma¬ 
tion  of  arylenethiazthionium  chlorides  with  a  chlorine  atom  in  the  para -position  [3]; 


/■V/ 

xJ 


S,C1, 


/xl/ 


Cl 


where 


3 


is  an  aromatic  radical  of  the  benzene  or  naphthalene  series. 


Thiazthionium  chlorides  are  unstable  [4]  and  extraordinarily  reactive  compounds;  they  readily  react  with 
water  to  form  oxygen -containing  compounds  [5]: 


Ar 


H,0 


Cl  S 
Cl 


A,1  \ 


Ar  I  ^S-OH  Ar  I  ^SO 

or  /\/\_/ 

Cl  S  Cl  S 


The  existence  of  tautomeric  relations  between  the  enolic  and  the  thioketo  forms  has  been  proposed  for  the 
oxygen -containing  arylenethiazthionium  compounds  [6]: 


A  1 

Ar  I  S-OH 

ZX/X,,/ 

Cl  s 


ZX/'^X 
Ar  I  SO 
^ /XZX  s  / 

Cl  s 


Oxygen -containing  arylenethiazthionium  compounds  readily  react  with  caustic  alkalies  with  formation  of 
o -aminoary lenemercaptans  [7].  This  so-called  Hertz  reaction  leads  to  industrially  very  important  intermediates 
for  sulfur  and  thioindigo  dyes  -  o -aminoary lenemercaptans  [9]  and  o-aminoarylenethioglycolic  acids  [10].  A 
proposed  reaction  mechanism  and  the  chemical  characteristics  of  the  compounds  have  been  reported  previously 
[8]. 

o- Aminoary  lenemercaptans  are  separated  from  solutions  either  in  the  form  of  salts  of  metals  [11]  or  in  the 
form  of  o-aminoarylenethioglycolic  acids,  using  the  quantitative  reaction  of  condensation  of  mercaptides  with 
a  salt  of  chloroacetic  acid  [12].  o-Aminoarylenethioglycolic  acids  readily  undergo  closure  of  the  lactam  ring 
under  the  action  of  inorganic  acids.Lactams  of  o-aminoarylenethioglycolic  acids  are  used  for  quantitative  and 
qualitative  -  characterization  of  the  course  of  the  Hertz  reaction  [13]. 
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Hydrochlorides  of  amino  compounds  are  usually  employed  in  the  benzene  scries  for  preparation  of  arylene- 
thiazthionium  compounds  (and  the  corresponding  o-aminoarylenemercaptans)  by  the  Hertz  reaction. 

Our  attempts  to  use  the  free  amino  compounds,  dissolved  in  neutral  solvents,  were  unsuccessful  due  to  the 
extreme  violence  of  the  reaction. 

In  the  naphthalene  series  the  reaction  of  sulfur  chloride  with  the  free  amino  compounds  in  solution  in 
neutral  solvents  proceeds  less  violently,  as  shown  by  Vannotti,  and  the  preparation  of  naphthyletie-lhiazthionium 
chlorides  is  feasible  [6]. 

In  1937,  in  collaboration  with  V.  A,  Ignatyuk-Maistrenko  an  attempt  was  made  to  realize  the  Hertz  reac¬ 
tion  in  the  anthraquinone  series.  The  substance  chosen  for  the  experiment  was  6 -aminoanthraquinone.  Reaction 
with  sulfur  chloride  took  place  in  glacial  acetic  acid  with  gradual  raising  of  the  temperature  from  20  to  70*  in 
the  course  of  11-^  hours.  Under  these  conditions  6 -aminoanthraquinone  was  recovered  unchanged.  Subsequent 
experiments  were  conducted  with  heating  of  the  mixture  of  sulfur  chloride  and  6 -aminoanthraquinone  without 
a  solvent  at  100-105*  for  11^  hours.  The  products  ot  the  reaction  were  subjected  to  aqueous  hydrolysis  and  to 
alkaline  hydrolysis,  the  latter  with  simultaneous  condensation  with  the  sodium  salt  of  monochloroacetic  acid. 

The  isolated  and  purified  compound  (dark -green  in  color)  did  not  give  a  lactam  ring  as  is  characteristic  ofo- 
amino-arylenethioglycolic  acids  (reaction  with  caustic  alkali). 

Experiments  on  the  preparation  of  thiazthionium  compounds  from  6  -aminoanthraquinone  were  subsequently 
renewed.  Bearing  in  mind  the  facility  with  which  reaction  takes  place  between  sulfur  chloride  and  the  hydroi^ 
chlorides  of  amino  compounds  of  the  benzene  and  naphthalene  series  with  formation  of  thiazthionium  compounds, 
it  was  decided  to  use  the  hydrochloride  of  6 -aminoanthraquinone  instead  of  the  base.  The  hydrochloride  was 
obtained  by  saturating  a  suspension  of  6 -aminoanthraquinone  in  glacial  acetic  acid  with  dry  hydrochloric  acid 
gas.  Formation  of  the  hydrochloride  is  accompanied  by  thickening  and  change  of  color  of  the  6 -aminoanthraqui¬ 
none  from  reddish -orange  to  white.  The  end  of  the  transformation  was  verified  by  observation  of  the  mass  under 
the  microscope. 
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Sulfur  chloride  was  run  into  a  suspension  of  the  hydrochloride  of  8 -aminoanthraquinone  in  glacial  acetic 
acid  at  room  temperature,  and  the  temperature  gradually  raised  to  80*.  Stoppage  of  evolution  of  hydrogen 
chloride,  which  occurred  after  16  hours'  heating,  marked  the  completion  of  the  reaction. 

The  reaction  mass  also  acquired  the  brownish -red  color  which  is  characteristic  of  thiazthionium.  compounds: 
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The  crystalline  mass  of  brownish -red  anthraquinone -2,1 -thiazthionium  chloride  underwent  the  transforma¬ 
tions  expected  of  products  of  the  Hertz  reaction,  for  example  reaction  with  water: 
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In  this  reaction  the  brownish -red  color  changed  to  olive,  and  the  aqueous  mother  liquor  showed  an  acid 
reaction  to  Congo,  Subsequent  hydrolysis  by  caustic  soda  in  presence  of  sodium  monochloroacetate  enabled 
isolation  of  a  brownish -red  compound  wliosc  content  of  nitrogen  and  sulfur  corresponded  to  2-aminoanthraquinpne  - 
-1 -thioglycolic  acid: 
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It  must  be  noted  that,  unlike  the  o -aminoary lene- 
thioglycolic  acids  of  the  benzene  and  naphthalene  series, 
2 -aminoanthraquinone-1 -thioglycolic  acid  does  not 
close  the  lactam  ring  when  acidified.  Free  o-amino- 
anthraquinonethiogly colic  acid  readily  dissolves  in 
sodium  carbonate  to  form  the  sodium  salt;  the  acid  is 
regenerated  when  the  sodium  salt  is  treated  with  in¬ 
organic  acid.  o-Aminoanthraquinonethioglycolic  acid 
was  diazotized  in  presence  of  hydrochloric  acid  at  25- 
30*  and  coupled  with  azo  components.  In  the  table  are 
set  forth  some  azo  components  and  the  color  of  the  dyes 
obtained  from  them. 

2 -Aminoanthraquinone-1 -thioglycolic  acid  did  not 
couple  with  diazo  components;  this  indicates  that  the 
thioglycolic  group  is  in  the  1 -position  of  2-aminoanthra- 
quinone.  The  Hertz  reaction  with  a -aminoanthraqui- 
none  had  a  course  similar  to  that  described  above. 

EXPERIMENTAL 

2,1  -Anthraquinonethiazthionium  chloride.  22.3  g  6 -aminoanthraquinone  (m.p.  301-302*)  was  suspended 
in  150  ml  glacial  acetic  acid.  The  suspension  was  saturated  with  dry  hydrogen  chloride  at  room  temperature 
with  vigorous  stirring.  Saturation  was  continued  until  formation  of  6 -aminoanthraquinone  hydrochloride,  as 
shown  by  change  of  the  brownish -orange  color  of  the  suspension  to  white.  The  completion  of  the  transformation 
was  checked  by  observation  under  the  microscope  (disappearance  of  the  brownish -orange  crystals).  Into  the 
susp>ension  of  the  hydrochloride  of  6 -aminoanthraquinone  at  20*  was  run  42  g  sulfur  chloride  (b.p.  138*).  The  mix¬ 
ture  was  stirred  2  hours  and  the  temperature  was  gradually  raised  to  80*  and  held  there  for  16  hours  until  hydrogen 
chloride  ceased  to  come  off.  The  deep  brownish -red  reaction  mass  was  filtered  and  the  precipitate  washed  on  the 
filter  with  25  ml  glacial  acetic  acid.  Weight  of  the  paste  65  g. 

2, 1  -  Anthraquinonethiazthionium  oxide.  65  g  of  the  paste  of  2,1 -anthraquinonethiazthionium  chloride  was 
Introduced  while  stirring  into  a  mixture  of  600  g  ice  and  600  ml  water.  The  brownish -red  color  of  the  precipitate" 
changed  abruptly  to  olive.  After  12  hours  the  precipitate  was  filtered  (test:  on  filter  paper  —  colorless  blotch, 
acid  reaction  to  congo)  and  washed  with  500  ml  water  until  the  acid  reaction  disappeared.  Weight  of  moist  paste 
125  g. 
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2-Aminoanthraquinone-l-thioglycolic  acid.  125  g  moist  paste  of  2,1-anthraquinoneihi.izthioi  ium  oxide 
was  shaken  with  10  ml  water;  about  40  g  ice  was  added  to  bring  the  volume  to  150  ml  and  the  mass  carefully 
stirred  until  it  had  a  liquid  consistency;  addition  was  then  made  at  +2‘  of  14  g  sodium  hydroxide  in  100  ml 
water  and  11  g  monochloroacetic  acid  in  20  ml  water,  neutralized  with  sodium  carbonate.  The  mixture  was  stir¬ 
red  at  +10*  for  2  hours,  allowed  to  stand  12  hours,  heated  to  70'.  diluted  with  water  to  a  volume  of  500  ml  and 
filtered.  The  filtrate  was  acidified  at  50*  with  hydrochloric  acid  until  acid  to  Congo.  The  brownish -red  2 -amino- 
anthraquinone-l-thioglycolic  acid  was  filtered,  washed,  and  dried  at  70'  in  an  air -drying  cupboard.  Weight 
16.6  g.  yield  51. 4<5fc  reckoned  on  the  6 -aminoanthraquinone.  The  2-amiroanthraquinone-l-thioglYcolic  acid 
was  purified  by  three  reprecipitations  from  sodium  carbonate  solution  and  subjected  to  analysis. 

Found  o]ff.  N  4.46.  S  10.31.  C16H1.O4NS.  Calculated  N  4.47;  S  10.23. 

S  UMMARY 

1.  The  possibility  of  carrying  out  the  Hertz  reaction  between  sulfur  chloride  and  6  -aminoanthraquinone 
hydrochloride  was  demonstrated. 

2.  The  significance  of  hydrochloric  acid  for  the  course  of  the  Hertz  reaction  was  established. 

3.  The  inability  of  2-aminoant.ntaquinone-l -thioglycolic  acid  to  close  the  lactam  ring  in  an  acid  medium 
was  established. 

4.  The  possibility  of  diazotization  of  2 -aminoanthraquinone -1-thioglycolic  acid  under  the  usual  conditions 
was  established.  In  the  preparation  of  azo  dyes  it  can  only  be  used  as  the  diazo  component. 
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THE  REACTION  OF  PHEN  Y  LM  AGNE  SIU  M  BROMIDE 


WITH  SILICON  TETR  AF  LUORIDE 
G.  V.  Medoks  and  E.  M.  Soshestvenskaya 

Silicon  tetrafluoride  is  capable  of  reacting  vrith  mixed  organomagnesium  compounds  with  formation 
of  organosilicon  compounds  [1],  The  usual  products  are  trialkyl-  [2]  or  triarylfluoromonosilanes  [3]  and 
only  in  a  few  cases  has  the  concomitant  formation  of  tetraalkyl-  [1,  2]  or  tetraarylmonosilanes  [4,  5]  been 
observed.  Nevertheless,  according  to  A.  Ya.  Yakubovich  and  V.  A.  Ginsburg  [6],  performance  of  the  reac¬ 
tion  in  the  temperature  range  of  —15  to  -70"  makes  possible  the  preparation  of  dialkyldifluoromonosilanes 
side  by  side  with  alkyltrifluoromonosilanes.  Reaction  between  silicon  tetrafluoride  and  a  -naphthylmag- 
nesium  bromide  leads,  according  to  A.  D.  Petrov  and  G.  I.  Chernysheva,  to  formation  of  a -naphthylfluoro- 
monosilane  and  di-a  -naphthylfluoromonosilane  [7],  while  tri-a  -naphthylfluoromonosilane  is  also  obtained 
on  heating  [8]. 

V.  S.  Chugunov  subjected  the  products  of  reaction  of  silicon  tetrafluoride  with  a  2 -fold  excess  of 
phenylmagnesium  bromide  to  4-hours’  heating  to  100“  and  obtained  tetraphenylmonosilane  in  a  yield  of 
30%  [5]. 

We  have  shown  that  the  reaction  duration  influences  the  course  of  the  interaction  of  silicon  tetra¬ 
fluoride  with  an  ethereal  solution  of  phenylmagnesium  bromide.  It  was  established  that  even  at  a  tempera¬ 
ture  not  higher  than  0“  and  with  rapid  passage  of  a  stream  of  silicon  tetrafluoride  into  the  Grignard  reagent, 
both  triphenylfluoromonosilane  and  diphenyldifluoro monosilane  are  formed.  In  addition  it  was  found  that 
triphenylfluoromonosilane  is  capable  of  reacting  with  an  etheral  solution  of  phenylmagnesium  bromide  at 
room  temperature  to  form  teuaphenylmonosilane,  although  the  reaction  goes  very  slowly.  On  heating  for 
1  hour  to  180-182°  and  then  distilling  off  the  ether,  the  yield  of  tetraphenylmonosilane  reaches  93%. 

It  was  found  that  in  order  to  obtain  tetraphenylmonosilane  in  50%  yield  directly  from  silicon  tetra¬ 
fluoride  and  an  ethereal  solution  of  phenylmagnesium  bromide,  it  is  advantageous  to  divide  the  Grignard 
reagent  into  two  halves,  one  of  which  is  treated  with  silicon  tetrafluoride,  while  the  second  half  is  added 
to  the  reaction  product;  the  ether  is  then  driven  off  and  the  residual  product  heated  to  175-180“  for  1 
hour. 


EXPERIMENTAL 

Reaction  of  phenylmagnesium  bromide  with  silicon  tetrafluoride.  1.  Into  the  Grignard  reagent,  pre¬ 
pared  from  70.6  g  bromobenzene,  11  g  magnesium  and  210  ml  absolute  ether,  was  passed  a  strong  stream  of 
silicon  tetrafluoride  for  50  minutes  with  iced  water  cooling  and  constant  shaking.  The  silicon  tetrafluoride 
was  obtained  by  heating  a  mixture  of  24  g  sodium  fluosilicate,  12  g  powdered  glass  and  30  ml  concentrated 
sulfuric  acid  in  a  thick -walled  beaker,  and  it  was  freed  from  hydrogen  fluoride  by  passage  through  a  tube 
containing  glass  wool.  After  24  hours  the  reaction  product,  consisting  of  two  liquid  layers  and  crystals,  was 
decomposed,  with  cooling,  by  gradual  addition  of  60  ml  11%  hydrochloric  acid.  The  supernatant,  yellowish 
etheral  layer  was  decanted  from  the  aqueous  layer  and  the  white  precipitate.  The  aqueous  layer  and  the 
precipitate  were  extracted  8  times  with  ether  (660  ml),  and  the  ether  from  the  ethereal  solutions  was  driven 
off  on  a  water  bath.  The  brownish  risidue  (43.5  g)  was  then  distilled  to  give  a  fraction  coming  over  at  up 
to  200°  (1.92  g)  and  containing  benzene,  bromobenzene  and  diphenyl.  The  residual  substance  (38.1  g)  was 
subjected  to  numerous  fractional  distillations  in  vacuum.  The  lowest  boiling  fraction  (5.3  g),  coming  over 
at  95-161°  (28  mm),  was  redistilled  3  times  at  atmospheric  pressure  and  gave  a  colorless  liquid  (2.73  g) 
with  b.p.  247-248";  it  reacted  very  slowly  with  water  and  was  identified  as  diphenyldifluoromonosilane  [9]. 
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Found  F  17.03.  CuHioSiFi.  Calculated  F  17.26. 

In  addition,  2.48  g  of  less  pure  diphenyldifluoromonosilane  was  isolated.  A  colorless  fraction  coming 
over  at  30  mm  in  the  temperature  range  of  245-250*  (25.13  g)  crystallized  on  cooling.  Recrystallization 
from  ethyl  ether  gave  18.9  g  triphenylfluoromonosilane  with  m.p.  64‘,  and  5.9  g  less  pure  product.  The 
total  yield  of  triphenylfluoromonosilane  reached  59.5%  as  compared  with  20.9%  previously  obtained  by  one  of 
us  and  N.  Z.  Kotelkov  [3].  The  yield  of  diphenyldifluoromonosilane  was  5%. 

2.  The  Grignard  reagent,  prepared  from  33.18  g  bromobenzene,  5.14  g  magnesium  and  98  ml  absolute 
ether,  was  divided  into  two  equal  parts,  and  in  to  one  of  them  was  passed  silicon  tetrafluoride  (20min.)  with 
shaking  and  cooling  with  iced  water.  The  silicon  tetrafluoride  was  obtained  by  heating  30  g  sodium  fluo- 
silicate,  15  g  glass  and  40  ml  concentrated  sulfuric  acid.  To  the  reaction  product,  consisting  of  two  layers, 
was  added  the  second  half  of  the  Grignard  reagent,  after  which  the  ether  was  distilled  off  on  a  water  bath 
and,  finally,  the  residual  mass  was  heated  1  hour  in  an  oil  bath  at  175-180°.  With  cooling,  20  ml  ether 
was  run  in  and  the  product  then  decomposed  with  18  ml  16%  hydrochloric  acid.  The  ether  layer  was 
decanted,  95  ml  water  was  added  to  the  residue,  and  the  whole  mass  was  shaken  with  40  ml  ether.  The 
ethereal  extract  was  separated,  and  the  crude  tetraphenylmonosilane  was  filtered  under  reduced  pressure 
and  washed  with  ether  (10,  10  and  18  ml)  and  finally  with  water  (10,  5  and  2  ml).  The  yield  of  dried  pro¬ 
duct  was  9.1  g  (50%),  m.p.  223.5-224°.  Recrystallization  from  boiling  benzene  gave  8.4  g  pure  tetra¬ 
phenylmonosilane  with  m.p.  230.5°. 

Reaction  of  triphenylfluoromonosilane  with  phenylmagnesium  bromide.  1.  At  room  temperature. 

4.17  g  triphenylfluoromonosilane  was  dissolved  in  the  Grignard  reagent  prepared  from  4.77  g  bromobenzene, 
0.75  g  magnesium  and  17  ml  absolute  ether.  After  2  days,  colorless  crystals  of  tetraphenylmonosilane  ap¬ 
peared  in  the  flask,  and  the  quantity  gradually  increased  with  passage  of  time.  Five  days  after  the  start 
of  the  experiment,  decomposition  was  effected  with  9  ml  9%  hydrochloric  acid  which  was  added  gradually 
with  iced -water  cooling  and  with  shaking.  The  ether  layer  was  decanted,  and  the  residue  (3.83  g)  was 
filtered  under  reduced  pressure,  washed  at  first  with  water  (10  ml)  and  then  twice  with  ether  (12  ml).  The 
product  remaining  on  the  filter,  0.94  g,had  m.p.  226-228°;  after  recrystallization  from  boiling  benzene  it 
gave  0.85  g  pure  tetraphenylmonosilane  with  m.p.  230.5°.  From  the  ethereal  solutions  was  isolated  a  larger 
proporuon  of  the  original  triphenylfluoromonosilane. 

2.  With  heating.  The  same  amounts  of  components  as  in  the  preceding  case  were  taken.  The  white 
powder  remaining  after  removal  of  the  ether  on  a  water  bath  was  heated  one  hour  in  an  oil  bath  at  180-182°. 
Into  the  reaction  [xoduct,  with  cooling,  was  run  the  recovered  ether.  The  product  was  then  worked  up  under 
the  conditions  described  above.  The  crude  tetraphenylmonosilane  (5.19  g)  was  recrystallized  from  boiling 
benzene  and  gave  4.7  g  (93%)  of  pure  product  with  m.p.  230.5°. 

SUMMARY 

1.  It  was  established  that  reaction  of  silicon  tetrafluoride  with  an  ethereal  solution  of  phenylmagnesium 
bromide,  even  at  below  0°, gives  diphenyldifluoromonosilane. 

2.  It  was  shown  that  triphenylfluoromonosilane  reacts  at  room  temperature  with  phenylmagnesium 
txomide  with  formation  of  tetraphenylmonosilane. 

3.  The  method  of  preparing  triphenylfluoromonosilane  was  improved,  the  yield  being  increased 
from  20.9  to  59.5%. 

4.  It  was  found  that  heating  of  triphenylfluoromonosilane  with  phenylmagnesium  bromide  for  an 
hour  at  180-182°  leads  to  formation  of  tetraphenylmonosilane  in  93%  yield. 

5.  The  method  of  preparation  of  tetraphenylmonosilane  from  Grignard  reagent  and  silicon  tetra¬ 
fluoride,  proposed  by  V.  S.  Chugunov,  was  improved  and  the  yield  raised  to  50%. 
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CLEAVAGE  OF  DIPH  E  N  Y  LC  H  LOR  O  AN  TI  MO  N  Y  AND  P  HEN  Y  LDI  lO  DO  AN  TI  M  O  N  Y 
WITH  ACID  CHLORIDES  AND  ALKYL  HALIDES  IN  PRESENCE 


OF  ALUMINUM  CHLORIDE 
M.  S.  Malinovsky  and  S.  P.  Olifirenko 


In  a  series  of  papers  [1]  one  of  us  showed  that  phenyldichloroarsine,  diphenylchloroarsine  and  some  of 
their  substituted  derivatives  react  with  acid  chlorides  in  presence  of  aluminum  chloride  to  give  good  yields  of 
alkaryl  ketones  with  cleavage  of  arsenics  from  the  benzene  ring. 

A  similar  behavior  toward  acid  chlorides  was  to  be  expected  in  the  case  of  halostibines  of  the  f(wm  ArjSbX 
and  ArSbX2.  established  that  diphenylchloroantimony  and  phenyldichloroantimony  react  with  acid  chlorides 
in  presence  of  anhydrous  aluminum  chloride  and  form  alkaryl  ketones,  while  the  antimony  is  split  off  from  the 
benzene  ring  as  antimony  halide.  Apart  from  the  action  of  acid  chlorides  on  the  halostibines  in  question,  a 
study  was  also  made  of  the  behavior  of  the  latter  toward  halogen  derivatives  of  hydrocarbons  in  presence  of 
aluminum  chloride.  In  this  case  the  formation  of  alkaryl  hydrocarbons  was  to  be  expected,  and  this  was  also 
confirmed  by  experiment. 

The  yields  of  ketones  and  hydrocarbons  depend  in  large  measure  on  the  reaction  conditions.  Prolonged 
standing  of  the  reaction  mixture  (at  first  in  iced  water  and  then  at  room  temperature)  increases  the  yield. 

Lengthy  heating  on  a  water  bath  with  the  objective  of  removing  the  hydrocarbon  lowers  the  yield. 

Formation  of  hydrocarbons  from  halostibines  in  presence  of  aluminum  chloride  is  possible  only  if  antimony 
is  split  off  in  the  form  of  antimony  halide  from  the  benzene  ring.  The  presence  of  released  antimony  was  con¬ 
firmed  by  its  precipitation  with  hydrogen  sulfide  in  the  form  of  antimony  sulfide.  Thus,  the  breakdown  of  halo¬ 
stibines  under  the  influence  of  alkyl  halides  is  represented  by  the  following  equations: 


(CeHsjgSbBr  2RBr - *  2C8H5R  -h  SbCIBrz 

CaHsSbJgH-RBr  CeHgR  h- SbBrJz 


The  synthesized  compounds  and  their  yields  are  listed  in  the  table. 


Compounds  synthesized 

Yield  (in 

from 

(CjHsjjSbCl 

from 

CgHsSbCl 

CuHiCOCH, . •  . 

52.3 

CoHiCOCjH* . 

— 

75.5 

CoHsCOCHlCHj), . 

63.7 

80.0 

CnH»COCH,CH(CH,^ . 

76.3 

84.3 

CcH»CH(CH,), .  . . 

— 

84.2 

CoHsCH,CH,CH,CH . 

44.7and68.5 

— 

CuH,C(CHi)j . 

46.1 

77.8 

C6HsCH,CH,CH(CH  .L  . . 

62.0 

60.3 

EXPERIMENTAL 

Fch:  each  experiment  was  taken  7.8  g  diphenyl - 
antimony  (m.p.  68")  which  was  prepared  from  diphenyl 
stibine  acetate  [2].  Cleavage  was  effected  with  the 
calculated  amounts  of  acid  chlorides  (acetyl,  pro- 
pionyl,  isobutyryl  and  isovaleryl).  The  aluminum 
chloride  was  taken  in  1 : 1  ratio  to  the  acid  chloride, 
and  the  amount  of  carbon  disulfide  in  each  experi- 
m  ent  was  80  to  100  g.  Reaction  was  performed  by 
the  previously  described  procedure  [1].  After  all 
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the  acid  chloride  had  been  run  in,  the  flask  was  left  in  ice  ard  latei  in  water  for  20-24  hours.  The  carbon 
disulfide  was  distilled  off  on  a  water  bath ,  the  residue  was  decomposed  with  ice,  and  the  ketone  formed  was 
extracted  with  ether.  The  ketones  were  isolated  from  the  ethereal  extract  (dried  with  calcium  chloride)  by 
vacuum  distillation.  The  ketones  were  identified  from  the  boiling  points,  specific  gravities,  refractive  in¬ 
dices,  and  from  the  melting  points  of  the  semicarbazones.  [3]. 

In  an  aqueous  solution,  after  extraction  with  ether,  antimony  sulfide  was  precipitated  with  hydrogen 
sulfide.  The  sulfide  was  filtered,  washed,  dried,  weighed  and  analyzed.  A  complete  antimony  balance  was 
obtained  by  also  determining  it  in  the  resinous  residue  after  vacuum  distillation  of  the  ketones. 

Phenyldiiodoantimony  was  prepared  by  the  literature  method  [2].  For  each  experiment  7.5  g  phenyl* 
diiodoantimony  was  taken.  Cleavage  was  effected  by  above -described  procedure  with  acid  chlorides  (pro* 
pionyl,  isobutyryl  and  isovaleryl),  which  were  taken  in  amount  equivalent  to  1  mole  acid  chloride  pet  pheryl 
radical  of  the  stibire. 

Cleavage  of  halostibines  with  halogen  derivatives  of  hydrocarbons  in  presence  of  aluminum  chloride. 
Cleavage  of  diphenylchloroantimony  was  performed  with  isobutyl  bromide,  butyl  bromide  and  isoamyl 
bromide;  phenyldiiodoantimor-y  was  cleaved  with  isopropyl  bromide,  isobutyl  bromide  and  isoamyl  bromide. 
In  each  experiment  7.8  g  diphenylchloroantimony  or  7.5  g  phenyldiiodoantimor’y  was  taken,  together  with 
the  calculated  amount  of  alkyl  halide.  The  experiments  were  run  under  the  conditior.s  described  for  the 
acid  chlorides.  All  the  hydrocarbons  obtained  were  identified  from  the  boiling  points,  specific  gravities  and 
refractive  indices  [3]. 


SUMMARY 

1.  Diphenylchloroantimony  and  phenyldiiodoantimony  react  with  acid  chlorides  in  presence  cf  alumirum 
chloride  to  form  alkaryl  ketones. 

2.  The  same  halostibines  are  converted  to  alkaryl  hydrocarbons  when  treated  with  alkyl  halides  in  pre  - 
sepce  of  aluminum  chloride. 
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THE  REACTIVITY  OF  THE  ALKALI  SALTS  OF  DI  ALKY  LTHIOPHOSPHORIC  ACIDS 

II.  ACYLATION  REACTIONS 

M.  I.  Kabachnik,  T.  A.  Mastryukova,  N.  P.  Rodionova  and  E.  M.  Popov 


In  the  preceding  communication  we  showed  [1]  that  alkali  salts  of  diethylthiophosphoric  acid,pos- 
sessing  the  thionic  structure  (I)  are  alkylated  by  alkyl  halides  with  migration  of  the  reactive  center  with  forma 
tion  of  S -alkylated  derivatives  (II): 


^ONa 

(I) 

(It) 

Many  dually  reacting  metallic  derivatives  of  tautomeric  stubstances  are  alkylated  and  acylated  with 
formation  of  products  of  different  structure  corresponding  to  the  two  different  tautomeric  forms  of  the  original 
acids.  It  was  consequently  of  great  interest  to  observe  the  result  of  acylation  of  alkali  salts  of  dialky Ithiophos- 
phoric  acids. 

We  did  not  find  any  information  in  the  literature  on  the  acylation  of  alkali  dialkylthiophosphates  with 
chlorides  of  carboxylic  acids.  Only  reactions  of  these  salts  with  chlorides  of  acids  of  phos[riiorus  have  been 
described.  Schrader  [2],  who  was  the  first  to  report  the  acylation  of  sodium  diethylthiophosphate  with  diethyl 
chlorophosphate,  puts  forward  the  following  equation  for  the  reaction: 


c,H,o.  o  .oc,H5 

P  +  P 
^Cl  NaO^  ^OCjH, 


C.H.O^O 

P-O-P 

C,Hr,0  ^OC,H, 


+  NaCl, 


according  to  which  the  acylation  proceeds  at  the  oxygen.  , 

The  constants  of  the  substance  obtained  agree  with  the  data  of  A.  E.  Arbuzov  and  B.  A.  Arbuzov  [3], 
who  had  already  prepared  it  in  1931  by  another  route  which  left  no  doubt  about  its  structure. 

According  to  Schrader  the  reaction  between  sodium  diethylthiophosjAate  and  diethyl  chlorothionphos- 
phate  proceeds  similarly.  Toy  [4]  synthesized  tetraethyldithiopyrophosphate  by  reaction  of  diethyl  chloro- 
thionphosphate  with  water  in  presence  of  pyridine.  He  considered  the  intermediate  product  of  this  reaction 
to  be  the  pyridinium  salt  of  diethylthiophosphoric  acid.  If  this  claim  is  correct,  the  acylation  in  this  case 
likewise  proceeds  at  the  oxygen. 

Fiszer,  Michalski  and  Wieczorkowski  [5]  arrived  at  a  different  conclusion  after  a  study  of  the  acylation 
of  diethyl  chlorophosphate;  they  wrote  that  reaction  goes  at  the  sulfur  with  formation  of  a  tetraethylthiopyro- 
phosphate  with  an  isomeric  structure  (III).  The  thiol  structure  of  the  product  of  acylation  is  supported  by  a 
second  method  of  synthesis  discovered  by  the  same  authors  —  reaction  of  diethyl  chlorophosphate  with  hydrogen 
sulfide  in  presence  of  pyridine: 
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c.n.o^  o  c,H,.o^o  o^och, 

p'^  +  f  p"  +2C„H.N  — V  P-S-P  +2C,(^^,N•HCI. 

C,HiO^  ^Cl  C,H,0''  ^Cl  C,H,U''  ^OC  M, 

(III) 


The  constants  of  the  substances  got  by  botli  methods  are  identical. 

We  studied  the  acylation  of  the  sodium  and  potassium  salts  of  diethylthiophosphoric  acid  with  acetyl 
chloride,  propionyl  chloride  and  chloroformic  esters  (methyl  and  ethyl).  The  reaction  was  conducted  by  adding 
the  acid  chloride  to  the  thiophosphate  (without  solvent)  and  heat  was  generated.  The  physical  constants  of  the 
compounds  obtained  are  set  forth  below. 


Diethyl acetylthionphosphate  (IV)  has  been 
described  in  the  literature.  It  was  prepared  by  A. 

E.  Arbuzov  and  P.  I.  Alimov  by  addition  of  sulfur 
to  diethylacetylphosphite  [6].  Schrader  also  {*e- 
pared  it  but  did  not  mention  his  method.  A.  E. 
Arbuzov  and  P.  I.  Alimov  found  for  this  substance 
b.p.  93-96*  at  3  mm,  d*®  1,1505  and  n^  1.4511; 
these  data  are  close  to  ours  although  there  is  no 
exact  agreement.  According  to  Schrader  [2]  the 
b.p,  is  87*  at  1  mm.  Since  the  starting  substance 
for  synthesis  of  diethylacetylthiophosphate  (diethyl¬ 
acetylphosphite)  is  not  obtained  in  the  pure  form 
(it  cannot  be  separated  from  the  similtaneously  formed  diethyl  phosphite  due  to  the  closeness  of  their  boiling 
points  [6]),  we  suggested  that  the  discrepancy  in  the  constants  may  be  the  consequence  of  impurity  of  the  pre¬ 
paration;  we  therefore  undertook  the  synthesis  of  diethylpropionylthionphosphate  (V)  by  the  method  of  A.  E. 
Arbuzov  and  P.  I.  Alimov. 


Formula 

Boiling 
point (pres¬ 
sure  in 

mm) 

n*o 

I*® - 

1 

(C2Hr,0)2PS0C0CH, 

89_90^  (4) 

1.4553 

1.1604 

2 

(CoH.O)2PSOCOC2Hr 

94-94.5  (4) 

1.4563 

1.1337 

3 

(C2H.0)2PS0C00CH;, 

115—117  (4) 

1.4603 

1.2181 

4 

(C2HsO),PSOCOOC2Hr, 

114-116(2.5) 

1.4560 

1.1851 

CjHsO 

CjHjO 


\ 


s 

o-c 


o 

CH, 


(IV) 


O 

C,H, 


(V) 


By  the  action  of  anhydrous  propionic  acid  on  tenaethyl  pyrophosphate  we  actually  obtained  diethylpro 
pionyl  phosjAite: 


(C.H.O),POP(OC,Hj),  +  QH.COOH  — >  (C,KO),pf  +  (C,HiO),POCOC,H,, 


which  could  be  separated,  although  not  without  difficulty,  from  traces  of  diethyl  phosphite.  Sulfur  was  added 
to  the  product  by  brief  heating  to  120*.  The  so-prepared  (yield  only  IB^o)  diethylpropionylthionphosphate  (V) 
had  the  following  constants:  b.p.  103-105,5*  at  5.5  mm,  np  1.4514,  dp  1.1230.  These  ate  close  to  the  con¬ 
stants  of  our  acylation  product;  however,  good  agreement  was  not  obtained  even  here.  Moreover,  the  poor 
yield,  the  drastic  reaction  conditions  and  the  relatively  unsharp  boiling  point  led  us  to  think  that,  although  both 
preparations  are  one  and  the  same  substance,  the  one  got  by  addition  of  sulfur  is  impure. 

For  confirmation  of  this  surmise,  we  tested  the  behavior  of  both  preparation  towards  mercuric  chloride 
in  alcoholic  solution.  Both  should  react  with  evolution  of  1  equiv.  of  hydrochloric  acid: 
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CjHsO^  .S  C,n.,()  SHgCl  o 

”  +  HrCI,  +  C,H..OH  \\  +C,ll,cf 

C.H,sO  'OC^  C,H,0^  O  'OCjH,  +  HCI. 

^C,M, 


However,  the  preparation  got  by  sulfur  addition  evolves  only  0.87-0.88  equiv.  HCl,  while  the  preparation 
got  by  acylation  evolves  1.02  equiv.  This  demonstrates  the  lack  of  purity  of  the  first  preparation. 

We  therefore  made  use  of  the  infrared  spectra  for  verification  of  the  structure  of  the  products  of  acyla¬ 
tion  of  sodium  diethyl  thiophosphate.  In  the  case  of  a  thiol  structure  the  infrared  spectra  of  the  acylation  pro¬ 
ducts  ought  to  exhibit  an  absorption  band  corresponding  to  the  P  =  O  bond;  in  the  case  of  a  thiono  structure 
the  band  of  the  P  =  S  bond  should  appear. 

Gore  [7]  studied  the  infrared  absorption  spectra  of  a  large  number  of  organophosphorus  compounds  of 
various  types  and  found  that  in  all  cases,  when  the  substances  contain  the  P  =  O  bond  the  spectrum  shows  a 
strong  band  whose  maximum  is  at  1300-1250  cm"*.  This  frequency  of  the  P  =  O  bond  was  previously  established 
by  other  workers  [8]  and  confirmed  by  Daasch  and  Smith  [9]  who  investigated  60  organic  compounds  of  phos¬ 
phorus. 

Thiono  compounds  only  exhibit  weak  absorption  in  this  region.  The  spectral  characteristic  Oi  the  P  =  S 
bond  is  somewhat  obscure.  In  many  thiophospho  organic  compounds  the  absorption  band  corresponding  to  the 
P  =  S  bond,  which  is  liable  to  large  displacements,  is  weak  or  is  not  detected  at  all.  In  some  compounds  the 
P  =  S  bond  is  manifested  in  the  infrared  spectrum  in  the  form  of  a  strong  band  in  the  650-770  cm"*  region. 
Bellamy  and  Beecher  [10]  made  a  study  of  p-nitrophenylthiophosphates  and  found  for  the  P  =  S  bond  an  absorp¬ 
tion  band  at  about  765  cm"*;  however,  Williams  [11]  in  a  study  of  the  infrared  spectrum  of  parathion  did  not 
find  any  characteristic  frequencies  that  might  be  attributable  to  the  P  =  S  bond. 

Consequently  for  establishment  of  the  structure  of  acyl  derivatives  of  diethylthiophosphoric  acid,  use 
should  be  made  of  the  P  =  O  bond.  This  was  also  done  by  Henglein,  Schrader  and  Muhiman  for  the  spectral 
analysis  of  the  insecticide  "Systox"  [12]  which  likewise  did  not  reveal  any  absorption  bands  of  the  P  =  S  bond. 

We  studied  the  infrared  spectra  in  the  3-15  ^  region  of  the  following  thiono  and  thiol  isomers  whose 

structure  we  had  previously  established: 


thiono  (C2H50)iPS(0SH3)  [13],  (CjHjOIjPSfOCHjCeHs)  [1]; 
thiol  (CjHsOIjPOfSCH,)  [13],  (C:2H50)jP0(SCHiC6H5)  [1]; 

as  well  as  of  (C2H50)2P'  [14]  from  which  the  P  =  O  bond  is  known  to  be  absent.  Their  sjiectra 

SCOOCgH^-iso 

are  shown  in  Fig.  1. 


As  we  see  from  the  spectra,  the  thiol  isomers  are  characterized  by  a  strong  absorption  band  with  a 
maximum  at  1255  cm”*  (7,97^),  caused  by  the  presence  of  the  P  =  O  bond,  whereas  the  thiono  isomers  absorb 
weakly  in  this  region. 

Dietliylacetylthiophosphate  and  diethylpropionylthiophosphate  do  not  absorb  in  the  1300-1250  cm  * 
region  corresponding  to  the  P  =  O  bond.  This  fact  establishes  their  structure  as  thiono  derivatives. 


We  also  studied  the  infrared  spectra  of  the  original  salt  —  sodium  dialkylthiophosphate  -  in  the  solid  state 
and  in  alcoholic  solution.  In  both  cases  the  spectra  (Fig.  2)  did  not  contain  absorption  bands  cliaracterisric  of 
the  P  =  O  bond,  which  testifies  to  the  thiono  structure  of  this  salt,  as  was  previously  found  for  ilic  potassium 
salt  by  Gore  [7]. 


Consequently,  since  the  products  of  acylation  by  acetyl  chloride  and  propionyl  chloride  have  a  tliioiio 
structure,  we  must  assume  that  acylation  of  sodium  diethylthiophosphate,  unlike  alkylation  |  1 1,  goes  witiioiit 
transfer  of  the  reaction  center: 


,s 

(CjH^Ogpf  +  CU.COCI 
''ONa 


.S 

(C,HiO),P  +  NaCl. 

^OCOCH, 
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Fig.  1.  Infrared  spectra  of  thiophosf^oric  esters. 


Fig.  2.  Infrared  spectrum  of  sodium  diethylthiophosphate 
in  the  solid  state  (upper  curve)  and  in  alcoholic  solution 
(lower  curve). 


Concerning  diethyl  carbomethoxythiophosphate,  the  investigated  preparation  shows,  quite  clearly  although 
not  so  intensively,  absorption  with  a  maximum  of  1255  cm*^,  which  demonstrates  the  thiol  structure.  Consequently, 
acylation  with  chloroformic  ester  went  at  the  sulfur,  i.e.  with  transfer  of  the  reaction  center.  However,  the 
possibility  of  acylation  at  the  oxygen  is  not  excluded,  but  the  resultant  thiono  isomer  isome-ized  to  the  thiol 
form  during  distillation  (the  compound  distilled  very  slowly). 

Literature  data  on  the  behavior  of  dialky  lacy  Ithionphosphates  when  heated  [15]  reveal  the  possibility  of 
such  an  isomerization,  although  it  usually  requires  heating  at  higher  temperatures  for  a  longer  period. 

EXPERIMENTAL 

Acylation  of  sodium  diethylthiophosphate  was  performed  under  the  same  conditions  in  all  cases.  To  the 
sodium  compound  was  added  a  2  -  to  3 -fold  excess  of  acyl  halide;  heat  was  generated  and  the  solid  material  under¬ 
went  a  marked  reduction  in  bulk.  The  reaction  mixture  was  then  heated  on  a  water  bath.  On  cooling,  the  pre¬ 
cipitated  sodium  chloride  was  filtered  off,  washed  with  absolute  ether  and  weighed.  Its  amount  was  nearly  quan¬ 
titative  in  all  cases.  The  filtrate  was  dried  over  calcined  sodium  sulfate  and  fractionated  in  vacuum.  Yield 
from  20  to  71<7o. 

Diethyl  acetylthionphosphate  was  obtained  from  15.6  sodium  diethylthiophosphate  and  11.8  g  acetyl 
chloride;  yield  11.8  g  (61<7o). 

B.p.  89-90“  at  4  mm,  njj  1.4553,  dj®  1.1604,  MRd  49.60;  calc.  49.40. 

Found  %  C  33.84,  34.14;  H  6.15,  6.39;  P  14.42,  14.56.  CeHu04PS. 

Calculated  C  33.96;  H  6.13;  P  14.62. 

Diethyl  propionylthionphosphate  was  obtained  from  15.6  g  sodium  diethylthiophosphate  and  13.9  g  pro- 
pionyl  chloride;  yield  12.8  g  (71%). 

B.p.  94-94.5“  at  4  mm,  ng  1.4563,  4®  1.1337,  MR^  54.27;  calc.  54.42. 

Found  %:  C  36.98,  36.91;  H  6.61,  6.57;  P  13.95,  13.89.  C7H15O4PS. 

Calculated  %:  C  37.16;  H  6.68;  P  13.70. 

Action  of  alcoholic  solution  of  mercuric  chloride  on  diethyl  propionylthionphosphate.  To  a  weighed  amount 
of  the  substance  was  added  10  ml  20%  solution  of  mercuric  chloride  in  anhydrous  alcohol.  A  precipitate  at  once 
began  to  come  down.  After  20  minutes  the  hydrochloric  acid,  evolved  in  the  reaction,  was  back  titrated  with 
sodium  hydroxide  in  presence  of  methyl  orange. 

0.2442,  0.1796  g  sub-  11.60,  8.45  ml.  0.09492N  NaOH.  Equivalents  of  HCl  found:  1.02,1.02. 

Diethyl  carbomethoxythiophosphate  was  obtained  from  19.2  g  sodium  diethylthiophosphate  and  18.9  g 
methyl  chloroformate,  yield  9.3  g  (43%). 

B.p.  115.5-117*  at  4  mm,  ng  1.4603,  dj®  1.2181. 

Found  %:  C  31.27,  31.19;  H  6.21,  5.94.  CgHuOjPS.  Calculated  %: 

C  31.58;  H  5.75. 

Diethyl  carbethoxythiophosphate  was  prepared  from  98.4  g  of  sodium  diethylthiophosphate  and  27.0  g 
ethyl  chloroformate;  yield  10.1  g  (21%). 

B.p.  114-116“  at  2.5  mm  (after  several  distillations  in  vacuum),  ng  1.4560,  1.1851. 

Found  %:  C  35.06,  34.80;  H  6.77,  6.54;  P  13.05,  12.94.  CyH^OsPS.  Calculated  %: 

C  34.71;  H  6.24;  P  12.81. 

Diethyl  propionylphosphite.  To  19.5  g  tetraethyl  pyrophosphite  was  added  dropwise  5.1  g  propionic 
acid.  During  the  addition  the  temperature  rose  to  50“  in  the  liquid.  At  the  end  of  the  reaction  the  contents 
of  the  flask  were  heated  to  50“  for  5  minutes  and  then  fractionated  in  vacuum. 

B.p.  72.5-74*  at  8.5  mm,  ng  1.4229,  4“  1.0450,  MRjj  47.30;calc.  47.60. 

Found  %:  P  16.15,  16.02.  C7H15O4P.  Calculated  %;  P  15.97. 

Preparation  of  diethyl  propionylthionphosphate.  8.86  g  diethyl  propionylphosphite  and  1.28  g  sulfur  were 
heated  on  an  oil  bath  at  107-115“  until  the  whole  of  the  sulfur  dissolved.  Then,  on  cooling,  the  unreacted  sulfur 
was  filtered  off,  and  the  filtrate  was  distilled  in  vacuum.  Yield  1.7  g  (19%)  diethyl  propionylthionphosphate. 
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B.p.  103-105.5*  at  5.5  mm.  nJJ  1.4514,  4®  1.1230,  MRp  54.28;  calc.  54.42. 

Found  Ok  P  14.03,  13.92.  C^HaO^PS.  Calculated  ^k  P  13.70. 

Action  of  an  alcoholic  solution  of  mercuric  chloride.  To  a  weighed  amount  of  substance  was  added 
7  mm  of  solution  of  mercuric  chloride  in  anhydrous  alcohol.  A  precipitate  at  once  appeared.  After  20 
minutes  the  hydrochloric  acid  evolved  in  the  reaction  was  back  titrated  with  sodium  hydroxide  in  presence 
of  methyl  orange. 

0.1212,  0.1562  g  sub.:  8.8,  11.46  ml,  0.05308N  NaOH.  Found  equivalents 

HCl  =  0.87,  0.88, 

The  infrared  spectra  were  plotted  on  a  single  -ray  Perkins  Elmer  spectrometer  (model  12  B)  with  auto¬ 
matic  photorecorder,  using  a  sodium  chloride  prism.  The  substance  was  placed  between  two  plates  of  rock 
salt;  in  all  cases  the  layer  thickness  was  about  0.01  mm. 

The  salt  was  obtained  in  the  solid  form  by  evaporating  its  alcoholic  solution  on  a  sylvine  plate;  the 
thickness  of  the  layer  consequently  remained  indeterminate.  On  subsequent  plotting  of  the  spectra  the  char  - 
acter  of  the  spectrum  remained  unchanged.  The  concentration  of  the  alcoholic  solution  of  the  salt  was  0.08 
molar;  thickness  of  layer  0.01  mm. 


SUMMARY 

1.  A  study  was  made  of  the  acylation  of  alkali  salts  of  dialky Ithiophosphates  with  chlorides  of  car¬ 
boxylic  acids  and  with  esters  of  chloroformic  acid. 

2.  It  was  shown  that  adylation  with  acetyl  chloride  and  propionyl  chloride  goes  with  formation  of  the 
corresponding  diethyl  acetylthionphosphates. 
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ALKYL-  AND  DI  A  L  K  Y  L  A  R  S  E  N  I OU  S  ACID  CHLORIDES 


Gilni  Kama!  and  Z.  L.  Khisatova 


Unlike  the  acid  chlorides  of  alkylphosphorous  and  dialkylphosphorus  acids,  the  chlorides  of  alkylarsenious 
and  dialkylarsenious  acids  have  been  subject  of  very  /ew  investigations.  The  reason  is  probably  the  difficulty 
of  their  preparation  in  the  chemically  pure  state  and  their  susceptibility  to  hydrolysis. 

Ethylarsenious  chloride  (I)  and  diethylarsenious  chloride  (II)  were  first  synthesized  by  McKenzie  and 
Wood  [1]  by  the  action  of  arsenic  trichloride  on  sodium  ethoxide: 

CiHgOAsClj  (C2H50)2AsC1. 

(I)  (II) 

In  a  similar  manner,  i.e.  by  the  action  of  phenyldichloroarsineon  sodium  ethoxide,  they  isolated  the 
acid  chloride  C5H5ASOC2H5CI.  Classon  [2]  reacted  arsenic  trichloride  with  ethyl  mercaptan  and  obtained  the 
chloride  of  dithioarsenious  acid  (C2H5S)2AsC1.  A  description  was  recently  given  [3]  of  the  synthesis  of  the 

CH2-S 

cyclic  chloride  of  ethylenethioglycol  arsenious  acid  |  ^AsCl. 

CH2-S 

Kraft  [4]  pointed  out  that  alcohols  do  not  react  with  arsenic  trichloride  either  when  refluxed  in  a  flask 
or  when  heated  in  a  sealed  tube,  whereas  phosphorus  trichloride  easily  enters  into  reaction  with  alcohols. 

In  out  laboratory  in  recent  years  [5]  the  reaction  of  glycols  with  arsenic  trichloride  (in  presence  of 
anhydrous  pyridine)  has  been  applied  to  the  synthesis  of  a  whole  series  of  cyclic  chlorides  of  arsenious  acid 
with  the  general  formulas: 


CH,-0^ 

1  /A.CI. 

CH,-0 

1  A.-CI, 

CH— 0^ 

i 

CH,-OR 

CH,^ 

C-O 

CH,^  \ 

CH,^  /A-'"* 

.C— 

ch/ 

CH,-0 
/  \ 

A*CI, 

CH,-0' 

AsCi,  w/iere  R^CHj, 

C.H.,  C,H„  C.H,. 

We  deemed  it  of  interest  to  repeat  the  experiments  of  Kraft  and,  in  addition  to  establish  new  methods 
of  preparation  of  chlorides  of  alkylarsenious  and  dialkylarsenious  acids. 

In  a  series  of  experiments  we  showed  that  reaction  of  equimolecular  amounts  of  anhydrous  ethyl 
alcohol  and  arsenic  trichloride  leads  to  good  yields  (about  TO^o)  of  ethoxydichloroarsine  (the  analog  of 
Menshutkin*s  acid  chloride).  When  1  mole  each  of  arsenic  trichloride  and  n-butyl  alcohol  react  together, 
even  with  prolonged  heating,  the  reaction  between  them  goes  in  a  complex  manner  with  formation  of  a  series 
of  substances  and  with  evolution  of  hydrogen  chloride.  After  numerous  vacuum  distillations  in  a  column,  we 
succeeded  in  isolating  small  amounts  of  butoxydichloroarsine,  butoxychloroarsine  and  tributyl  arsenite,  the  lat¬ 
ter  in  the  chemically  pure  state  while  the  first  two  were  sliglitly  impure..  The  probable  explanation  of  this  tran-’- 
sition  of  butoxychloroarsine  to  tributyl  arsenite  is  the  instability  of  butoxydichloroarsine  and  dibutoxychloroarsine 
at  high  temperature.  This  transition  may  be  represented  by  the  fallowing  scheme: 
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I.  C,M,OII  +  And, 


C4H,oa»ci,+  hci. 


II.  2C,H„OA«CI,  (C,H,0),AiiCl  +  A»CI,„ 

III.  ■AC,H,0),A«CI  {C4H,0)jA»  +  C,H,OA»Cl4, 

IV.  (C4H„0),AiiCI  4-  C4H,0A8CI,  —4.  (C4H.O)jA»  +  A*CI,. 

Our  reaction  of  n-butyl  alcohol  with  arsenic  trichloride  in  presence  of  anhydrous  pyridine  likewise  did 
not  lead  to  a  marked  improvement  in  yield  of  alkylarsenious  acid  chlorides. 

On  reacting  equimolecular  amounts  of  tributyl  arsenite  with  acetyl  chloride,  we  synthesized  in  good 
yield  dibutoxychloroarsine  (C4H90)2AsCl.  This  method  can  also  be  used  for  preparation  of  other  chlorides  of 
dialky larsenious  acids. 

In  the  course  of  this  investigation  it  appeared  of  extreme  interest  to  study  the  reaction  of  arsenic  trichlo¬ 
ride  with  dialkylamines.  Experiments  on  these  lines  established  that  reaction  of  arsenic  trichloride  with  diethyl- 
amine  in  a  medium  of  ethyl  alcohol  and  in  a  nitrogen  atmosphere  leads  to  diethylamino-N-chloroarsine  ac¬ 
cording  to  the  equation: 

2(C2H5)2NH  +  AsClj  (CjHslzNAsClj  +  (CjHsljNH  •  HCI. 

Reaction  of  1  mole  diethylamino-N-chloroarsine  with  2  moles  diethylamine  under  similar  conditions 
gave  secondary  diethylamino-N-chloroarsine: 

(CiH5)2N  •  AsClj  +  2(C2H5)2NH  ^  [(C2H5)2N]2AsC1  +  (C2H5)2NH  •  HCI. 

EXPERIMENTAL 

Action  of  arsenic  trichloride  on  ethyl  alcohol.  In  a  round-bottomed,  300  ml  flask,  fitted  with  reflux 
condenser  connected  to  a  clacium  chloride  tube,  were  placed  46.1  g  anhydrous  ethyl  alcohol  and  181.3  g 
freshly  distilled  arsenic  trichloride.  On  mixing,  the  temperature  of  the  liquid  rose  to  51*.  Then  the  mixture 
was  boiled  5  hours  in  a  carbon  dioxide  stream.  The  evolved  hydrogen  chloride  was  collected  in  water.  The 
next  day  the  liquid  was  vacuum-distilled  from  a  flask  fitted  with  a  column  50  cm  long. 

After  several  distillations  140  g  (73*^^))  substance  was  isolated, 

.  .  B.p.  58-59*  (45  mm),  df  1.6762,  n“  1.5139. 

Found  %:  As  39.30,  39.32;  Cl  36.65.  CjHsOCljAs.  Calculated  As  39.25; 

Cl  37.15 

Monoe  thy  larsenious  chloride  is  a  colorless  liquid  which  fumes  in  the  air. 

Action  of  arsenic  trichloride  on  n-butyl  alcohol.  Experiment  1.  The  experiment  was  carried  out  on 
similar  lines  to  the  preceding  one.  Components  were  74.8  g  n-butyl  alcohol  and  181,3  g  arsenic  trichloride. 

The  temperature  of  the  liquid  rose  to  42*  on  mixing.  The  contents  of  the  flask  were  then  heated  6  hours.  The 
hydrogen  chloride  (36.5  g)  was  trapped  in  water.  The  reaction  products  were  likewise  subjected  to  vacuum  distil¬ 
lation.  The  following  fractions  were  obtained  after  a  series  of  distillations: 

1st  fraction  B.p.  59-63“  (2  mm),  n”  1,5039,  df  1.5029, 

Found  ’’jar.  As  34.29,  34.45.  C4H9OASCI2.  Calculated  %•.  As  34.22. 

Butoxydichloroarsine  is  a  transparent  liquid,  easily  hydrolyzed  by  moisture  from  the  air. 

2nd  fraction  B.p.  93*  (3  mm),  n^  1.4680,  df  1,2216,  MR^  58,39;  calc.  58.11. 

Found  fa  As  29.64,  29.77.  CgHijO^ClAs.  Calculated  ^/o:  As  29.39. 

According  to  the  analytical  data  the  isolated  substance  is  dibutylarsenious  chloride. 

3rd  fraction  B.p.  109*  (4  mm),  49.1  g  of  product,  n^  1.4428,  d|®  1.0683. 

Found  7o:  As  25,59,  25.57.  C12H27O3AS.  Calculated  %:  As  25.46. 

The  final  end  fraction  of  numerous  distillations  is  the  n-butyl  ester  of  arsenious  acid. 
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Experiment  2.36.3  g  arsenic  trichloride  was  taken  in  200  ml  absolute  ether;  with  stirring  and  external 
cooling  a  mixture  of  14.8  g  n-butyl  alcohol  and  15.8  g  anhydrous  pyridine  in  100  ml  absolute  ether  was  gradual¬ 
ly  run  in.  The  pyridine  hydrochloride  was  later  filtered  off  and  washed  with  ether.  The  ether  was  distilled 
off  from  this  filtrate  in  a  carbon  dioxide  stream  and  the  residual  liquid  was  vacuum -distilled.  By  numerous 
distillations  we  isolated  a  small  quantity  of  only  one  narrow  fraction  with  b.p.  108-109*  (4  mm)  which  is  pro¬ 
bably  tributyl  arsenite.  We  failed  to  isolate  other  fractions  with  narrow  boiling  ranges. 

The  impossibility  of  isolating  the  acid  chlorides  in  the  pure  state  is  evidently  associated  with  gradual 
change  during  fractionation  from  alkoxydichloroarsine  to  trialkyl  arsenite. 

Action  of  acetyl  chloride  on  tributyl  arsenite.  20  g  n-butyl  arsenite  and  5.5  g  acetyl  chloride  were 
heated  under  reflux  for  6  hours  on  an  oil  bath. 

The  reaction  products  were  fractionated.  1st  fraction  4.8  g.b.p.  124-125", n^  1.3948 .was  the  acetobutyl 
ester.  The  second  fraction,  17.1  g,  b.p.  110-112°  (10  mm),  d*®  1.2116,  np  1.4640,  MRq  58.45;  calc.  58.11. 

Found  ’’Ik  As  29.44,  29.23.  (C4H90)2AsCl.  Calculated  ’’Jk  As  29.39. 

The  2nd  fraction  ~  dibutoxychloroarsine  —  a-colorless,  light -refracting,  easily  hydrolyzable  liquid. 

Action  of  arsenic  trichloride  on  diethylamine.  To  16.1  g  diethylamine,  dissolved  in  500  ml  absolute 
ether,  was  added  dropwise  20  g  arsenic  trichloride  in  a  nitrogen  stream  and  with  external  cooling.  The  pre¬ 
cipitated  crystals  of  diethylamine  hydrochloride  were  filtered  off,  pressed,  and  washed  with  ether.  The  ether 
was  driven  off  from  the  filtrate  and  the  residual  liquid  distilled  in  vacuum. 

There  was  isolated  22  g  (Ol*)^)  of  a  fraction  with  b.p.  83-84*  (13  mm),  di°  1.4727,  np  1.5335,  MRd 
45.97;  calc.  45.16. 

Found  %  As  34.47,  34.54;  Cl  32.75,  C4H10NCI2AS.  Calculated  As  34.37; 

Cl  32.53. 

Diethylamino-N-chloroarsine  is  a  colorless,  light -refracting,  fuming  liquid  with  a  faint  amine  odor. 

It  easily  hydrolyzes  in  the  air  with  formation  of  a  white  deposit  . 

Preparation  of  secondary  diethylamino-N-chloroarsine.  Preparation  was  by  the  preceding  procedure, 
using  15  g  diethylamino-N-chloroarsine  and  10.2  g  diethylamine  in  300  ml  ether.  Vacuum  distillation  gave 
9.7  g  substance. 

B.p.  118-120*  (17  mm),  df  1.2225,  n^  1.5098.  MRp  62.30;  calc.  62.70. 

Found  As  29.69,  29.79.  C8H20N2CIAS.  Calculated  As  29.42. 

Secondary  diethylamino-N-chloroarsine  is  a  colorless,  readily  hydrolyzed  liquid. 

SUMMARY 

1.  It  was  shown  that  reaction  of  equimolecular  amounts  of  anhydrous  ethyl  alcohol  and  arsenic  tri¬ 
chloride  gives  mainly  ethoxydichloroarsine. 

2.  It  was  established  that  arsenic  trichloride  reacts  with  n-butyl  alcohol  at  elevated  temperature  in 
a  fairly  complex  manner  with  formation  of  a  series  of  substances,  for  example  n-butoxydichloroarsine,  di-n- 
-butoxychloroarsine  and  tributyl  arsenite. 

3.  It  was  shown  that  dibutoxychloroarsine  may  be  obtained  in  good  yield  by  the  action  of  acetyl 
chloride  on  tributyl  arsenite. 

4.  Primary  and  secondary  diethylamino-N-chloroarsines  were  synthesized  for  the  first  time. 
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ALKAMINO  ESTERS  OF  SOME  HETEROCYCLIC  ACIDS  AS 
POSSIBLE  HYPOTENSIVE  AGENTS 

M.  V.  Rubtsov,  E.  S.  Nikitskaya  and  V.  S.  Usovskaya 


For  the  therapy  of  hypertension,  definite  interest  is  attached  to  substances  capable  of  preventing 
disturbances  in  the  ganglions  of  the  vegetative  nervous  system.  Few  such  compounds  are  known  at  present;  the 
most  active  members  are  bis -quaternary  ammonium  salts  of  the  composition  [1-3]: 

(CH3)3N-(CH2)«-N(CH3)3  (CH3)aNCH2CHaNCH2CH2N(CH3)2. 

I  I  /  \  I  /  \ 

X  X  C2H5  Br  CH3  C2H5  Br 

pentamethonium  n  =  5;  hexamethonium  n  =  6.  pentamine  (pendiamide) 

A  definite  ganglion -blocking  action  is  exhibited  by  2,6-dimethyl-  and  1,2,6-trimethylpiperidine.  Even 
more  active  is  the  ethoiodide  of  the  latter  [4],  Considerable  activity  is  also  shown  by  the  alkaloids  sparteine 
[5]  and  pachycarpine  [6].  In  a  series  oi  cases,  however,  all  these  substances  cause  undesirable  side  effects  and 
are  often  insufficiently  active;  further  work  in  this  field  is  therefore  extremely  important. 

We  considered  it  would  be  interesting  to  obtain  ganglion -blocking  agents  in  the  shape  of  bis -quaternary 
salts  of  alkamino  esters  of  some  heterocyclic  acids,  in  particular  of  pyridine,  piperidine  and  quinuclidine. 

2,6-Lutidine  served  as  the  starting  substance  for  synthesis  of  alkamino  esters  of  the  pyridine  series;  it 
was  oxidized  with  potassium  permanganate  to  dipicolinic  [7]  and  6-methylpicolinic  [8]  acids.  The  latter  were 
transformed,  via  their  chlorides,  into  the  diethylaminoethyl  esters.  Hydrogenation  of  the  esters  with  the  help 
of  platinum  catalyst  gave  the  diethylaminoethyl  esters  of  dipipecolinic  and  6-methylpipecolinic  acids.  We 
did  not  succeed  in  transforming  these  compounds  directly  into  their  N-methyl  derivatives;  the  latter  were  there¬ 
fore  synthesized  according  to  the  following  scheme: 


R-! 


H,Pt 


-COOCjH, 


R  =  CHj!  COOCiH, 


/\ 

•JvJ- 


COOCjH, 


OHCH,CH.N(C.H,^ 


rJ  jc. 

\N^ 


OOCHrf;H,N(C.H,), 


CH, 


R  =  CH,;  COOCH,CH,N(C,HJ,. 
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The  ethyl  esters  of  clipicolinic  and  G-itiethylpicoliiiic  acids  were  subjected  to  hydrogenation,  followed 
by  inethylation  and,  finally,  transesterification. 

Tlie  die  thy  la  mi  noethyl  ester  of  a  -qiiiiniclidinecarboxylic  acid 

CH 

cHj  ij;  Hj 

HtC  CiyCH-COOCHgCHiNfCzHj)^ 

was  obtained  by  starting  from  the  acid  chloride  and  diethylaminoethanol. 

Pharmacological  examination  of  the  prepared  derivatives,  carried  out  by  I.  M.  Sharapov  in  the  phar¬ 
macological  laboratory,  revealed  a  high  ganglion -bloc  king  action  of  the  dimethiodide  of  the  diethylamino- 
ethyl  ester  of  1,6-dimethylpipecolinic  acid  and  of  the  dimethoiodide  of  the  diethylaminoethyl  ester  of  a-quini- 
clidinecarboxylic  acid.  In  activity  they  surpass  tetraethylammonium  iodide  by  a  factor  of  15-20. 

EXPERIMENTAL 

Pi -{diethylaminoethyl)  ester  of  dipicolinic  acid.  A  mixture  of  3  g  dipicolinic  acid  and  30  ml  thionyl 
chloride  was  heated  at  the  boil  until  the  acid  had  dissolved  completely  (6-8  hours).  The  resultant  dichloride 
of  dipicolinic  acid  was  heated  with  30  ml  diethylaminoethanol  at  110-115*  for  6  hours  to  form  the  di-(diethyl- 
aifiinoethyl)  ester  of  dipicolinic  acid  in  the  amount  of  3.6  g  (55.4“ifc)  in  the  form  of  a  light-yellow  mobile 
liquid  with  b.p.  214-215*  (0.5  mm),  soluble  in  the  common  organic  solvents  and  insoluble  in  water. 

Found  %  N  11.57.  C19H31Q4N3.  Calculated  7a  N  11.50. 

The  dihydrochlorlde:  a  white,  crystalline  powder,  soluble  in  water  and  alcohol,  m.p.  190-191*. 

Found  7«  N  9.34;  Cl  16.79.  Ci9H3304N3Cl,.  Calculated  7o;  N  9.58;  Cl  16.66. 

The  dimethiodide:  a  white,  crystalline  powder,  soluble  in  water  and  alcohol,  m.p.  200-202*. 

Found  7o:  C  38.74;  H  5.96;  N  6.40;  I  39.41.  C21H3TO4N3I2.  Calculated  7o: 

C  38.82;  H  5.70;  N  6.47;  I  39.13. 

Pi -(diethylaminoethyl)  ester  of  dipipecolinic  acid.  A  solution  of  10.7  g  di -(diethylaminoethyl)  ester 
of  dipicolinic  acid  in  165  ml  2.57o  alcoholic  solution  of  hydrogen  chloride  was  hydrogenated  at  room  tempera¬ 
ture  in  presence  of  0.63  g  platinum  oxide  under  a  pressure  of  40-60  cm  water  column.  Absorption  ceased  after 
9-10  hours.  During  hydrogenation  the  trihydrochloride  of  the  di -(diethylaminoethyl)  ester  of  dipipecolinic  acid 
was  precipitated.  The  precipitate  was  dissolved  by  addition  of  water,  the  catalyst  was  filtered  off  and  washed 
with  a  little  distilled  water;  the  filtrate  was  evaporated  to  dryness  in  vacuum.  The  crystalline  residue  was  treated 
with  excess  of  507o  potassium  carbonate  solution  and  extracted  with  ether.  After  drying  and  removal  of  the 
ether,  the  residue  was  distilled  in  vacuum  to  give  9.3  g  (867o)  colorless,  oily  liquid  with  b.p.  182-184*  (0.2  mm). 

Found  7o:  C  61.63;  H  9.91;  N  11.13.  CbH3704N3.  Calculated  7o;  C  61.45; 

H  9.97;  N  11.32. 

The  trihydrochloride:  a  white,  crystalline  powder,  m.p.  232-233*,  soluble  in  water  and  alcohol. 

Found  7a  C  47.16;  H  8.58;  N  8.54;  Cl  21.99.  C19H40O4N3CI5.  Calculated  7a 

C  47.45;  H  8.32;  N  8.74;  Cl  22.16. 

Diethyl  ester  of  dipicolinic  acid.  6  g  of  dipicolinyl  dichloride,  prepared  as  described  above,  was  heated 
with  60  ml  anhydrous  alcohol  5  hours  at  the  boil.  The  ester  was  isolated  in  the  usual  manner.  Obtained  6.78  g 
(84.77o)  crystalline  substance,  b.p.  127-128*  (0.2  mm),  m.p.  44-46*.  The  literature  data  give  m.p.  41-42*  [9]. 

Found  7o:  C  59.61;  H  6.07;  N  6.40.  CUH13O4N.  Calculated  7a  C  59.19; 

H  5.83;  N  6.27. 
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Diethyl  ester  of  dipipecolinic  acid.  A  solution  of  9.6  g  diethyl  ester  of  dipicolinic  acid  in  150  ml 
2.5‘7o  alcoholic  solution  of  hydrogen  chloride  was  hydrogenated  at  room  temperature  in  the  presence  of  0.4  g 
of  platinum  oxide  under  a  pressure  of  40-60  cm  water  column.  After  hydrogenation,  the  solution  was  worked 
up  by  the  method  described  above.  We  isolated  8.86  g  (OO'^fc)  of  colorless, oily  product,  b.p.  103-105*  (0.25 
mm). 

Found  C  57.38;  H  8.43.  CaHi904N.  Calculated  C  57.64;  H  8.29. 

Diethyl  ester  of  N-methyldipipecolinic  acid.  A  solution  of  4.27  g  of  diethyl  ester  of  dipipecolinic 
acid  in  23  ml  anhydrous  alcohol  and  1.32  g  methyl  iodide  were  heated  6  hours  at  40-45*.  The  reaction  mass 
was  evaporated  in  vacuum  on  a  boiling  water  bath  and  the  residue  extracted  with  anhydrous  benzene.  The 
benzene -insoluble  crystals  were  the  hydroiodide  of  the  original  ester.  They  were  filtered  off.  Yield  2.85  g. 

The  benzene  was  distilled  off  from  the  filtrate  and  the  residue  distilled  in  vacuum  to  give  2.39  g  (52.7‘){) 
reckoned  on  the  ester)  of  colorless,  oily  substance  with  b.p.  107-108*  (0.2  mm). 

Found  <7o:  C  58.93;  H  8.44;  N  5.99.  CuH2i04N.  Calculated  <7«  C  59.26; 

H  8.64;  N  5.76. 

Di-(diethylaminoethyl)  ester  of  N-methyldipipecolinic  acid.  0.01  g  metallic  sodium  was  dissolved 
in  7  ml  diethylaminoethanol  and  into  this  solution,  with  stirring,  was  run  1.32  g  diethyl  N-methyldipipecolinate. 
The  reaction  mass  was  heated  with  stirring  for  3  hours  at  150*  and  the  ethyl  alcohol  which  formed  during  this 
period  was  driven  off  with  Wurtz  head  and  direct  condenser.  The  excess  of  diethylaminoethanol  was  distil¬ 
led  off  in  vacuum  from  the  resulting  solution,  the  residue  was  treated  with  an  excess  of  50<5fc  potash  solution 
and  extracted  with  ether.  Yield  1.07  g  (51.2070)  yellow  oily  liquid  with  b.p.  176-178*  (0.2  mm). 

Found  7o:  C  62.22;  H  10.06;  N  10.67.  CJ0HJ9O4NJ.  Calculated  C  62.33; 

H  10.13;  N  10.90. 

The  methiodide  and  hydrochloride  were  oils. 

Diethylaminoethyl  ester  of  6-methylpicolinic  acid.  This  ester  was  obtained  by  a  method  similar  to 
that  for  the  di -(diethylaminoethyl)  ester  of  dipicolinic  acid  in  777o  yield.  It  is  a  light -yellow,  oily  substance 
with  b.p.  128-131*  (0.25  mm),  soluble  in  the  common  organic  solvents  and  insoluble  in  water. 

Found  %  N  11.94,  12.19.  CuHjoOiN,.  Calculated  N  11.86. 

The  hydrochloride  is  a  white  crystalline  substance  with  m.p.  147-149“,  hygroscopic. 

The  methiodide  is  a  faint -yellow  crystalline  substance  with  m.p.  115-117*  soluble  in  water,  insoluble 
in  ether  and  acetone. 

Found  7o:  N  7.26,  I  33.74.  Cj4H2j02N2l.  Calculated  %  N  7.40;  I  33.58. 

Diethylaminoethyl  ester  of  6-methylpipecolinic  acid.  11.6  g  diethylaminoethyl  ester  of  6-methyl¬ 
picolinic  acid  was  hydrogenated  in  165  ml  2.57o  alcoholic  solution  of  hydrogen  chloride  in  presence  of  0.4  g 
platinum  oxide  under  the  conditions  described  above.  There  was  obtained  6.17  g  (52.37>)  colorless,  mobile 
liquid  with  b.p.  98-100°  (0.2  mm). 

Found  7o:  C  64.20;  H  10.86;  N  11.40.  C13H26O2N2.  Calculated  7c:  C  64.46; 

H  10.74;  N  11.57. 

The  dihydrochloride  is  a  white  crystalline  precipitate,  soluble  in  water  and  alcohol  and  insoluble  in 
ether,  m.p.  220*. 

Found  7^  22.39.  Cj2H2g02N2Cl2.  Calculated  Cl  22.53. 

Ethyl  ester  of  6-methylpicolinic  acid.  The  ester  was  prepared  from  11.35  g  of  the  acid  chloride 
similarly  to  the  diethyl  ester  of  dipicolinic  acid  in  amount  of  10.48  g  (87.37o).  Colorless,  oily  substance  with 
b.p.  79-81°  (0.25  mm).  The  literature  data  give:  b.p,  133°  (35  mm)  [10]. 

Found  7o:  C  65.23;  H  6.65;  N  8.66.  C9H11O2N.  Calculated  7):  C  65.45;  H  6,66; 

N  8.48. 

The  hydrochloride  is  a  white,  hygroscopic,  crystalline  j»ecipitate,  soluble  in  water  and  alcohol,  m.p. 

74-75°. 

Found  7o:  Cl  17.81.  C9HJ2O2NCI.  Calculated  <%-.  Cl  17.61. 
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Ethyl  ester  of  S-methylpipecolinic  acid.  9.35  g  ethyl  6-methylpicolinate  was  hydrogenated  in  115  ml 
2.5<^  alcoholic  solution  of  hydrogen  chloride  in  presence  of  0.5  g  platinum  oxide  under  the  conditions  described 
above.  There  was  obtained  8.84  g  (92*5^)  colorless,  mobile  liquid  with  b.p.  99-100*  (13  mm). 

Found N  8.56,  8.10.  CjHitOiN.  Calculated 'Ifc:  N  8.18. 

The  hydrochloride  is  a  white,  finely  crystalline  substance  with  m.p.  213-215*,  soluble  in  water  and  in 
hot  alcohol,  and  insoluble  in  ether. 

Found  ‘5fc  Cl  16.98.  CjM^O^NCl.  Calculated  Cl  17.10. 

Ethyl  1.6-dimethylpipecolinate.  A  solution  of  3.4  g  ethyl  6-methylpipecolinate  in  18  ml  anhydrous 
alcohol  and  1.37  g  methyl  iodide  was  heated  6  hours  at  40-45°  and  then  worked  up  as  in  the  case  of  (ve- 
paration  of  diethyl  N -methylpipecolinate.  There  was  obtained  1.5  g  hydroiodide  of  the  original  ester  and 
1.65  g  (43.7*)^  reckoned  on  the  ester)  of  a  colorless,  oily  substance  with  b.p.  53-54*  (0.2  mm). 

Pound  <5k  C  64.76;  H  10.31;  N  7.85.  CioHigOjN.  Calculated  <5fcc  C  64.86; 

H  10.27;  N  7.56. 

The  hydrochl(»ide  is  an  amorphous,  hygroscopic  solid  with  m.p.  198-200*. 

Diethylaminoethyl  ester  of  1,6-dimethylpipecolinic  acid.  0.02  g  metallic  sodium  was  dissolved  in  20 
ml  diethylaminoethanol;  addition  was  then  made  of  2.8  g  ethyl  1,6-dimethylpipecolinate.  The  reaction  mass 
was  heated  with  stirring  for  3^  hours  at  160-165°  and  then  worked  up  as  described  for  the  preparation  of  the 
di -(diethylaminoethyl)  ester  of  N-methylpipecolinic  acid.  There  was  obtained  1.65  g  (44.7®lfc)  light -yellow , 
oily  subsunce  with  b.p.  106-108*  (0.25  mm). 

Found  N  10.83,  10.68.  C^HmOiN,.  Calculated  N  10.93. 

The  dimethiodide  is  a  white  crystalline  substance,  soluble  in  water  and  alcohol,  m.p.  201-202*. 

Found  <5b:  N  5.32;  I  47.07.  Ci^,40,N,l,.  Calculated  “Jic  N  5.18;  I  47.03. 

Diethylaminoethyl  ester  of  a  -qulnuclidinecarboxylic  acid.  A  mixture  of  3  g  a  -quinuclidinecarboxylic 
acid  hydrochloride  [11]  and  30  ml  thionyl  chloride  was  heated  under  reflux  for  8  hours  at  60-65*.  The  acid 
went  into  solution.  The  excess  thionyl  chloride  was  distilled  off  in  vacuum  and  to  the  residue  was  added  two 
lots  of  15  ml  anhydrous  benzene  which  was  then  distilled  off.  The  white  crystalline  precipitate  of  the  hydro¬ 
chloride  of  a  -quinuclidinecarboxylic  acid  chloride  was  heated  with  stirring  for  6  hours  with  30  ml  diethyl¬ 
aminoethanol  at  110-115*.  The  excess  of  diethylaminoethanol  was  distilled  off  in  vacuum,  and  the  residue 
was  treated  with  15  ml  50<^  potassium  carbonate  solution  and  extracted  with  ether.  After  drying  and  removal 
of  the  ether,  the  residue  was  vacuum -distilled  to  give  2.85  g  (73*70  reckoned  on  the  hydrochloride  of  a  -quin¬ 
uclidinecarboxylic  acid)  of  colorless  oil  with  b.p.  160-164°  (9  mm). 

Found  •In  N  11.10,  11.08.  Ci4Hj,OiN2.  Calculated  ‘jk  N  11.02. 

The  dimethiodide  (from  acetone)  is  a  white  crystalline  substance  with  m.p.  222-223°,  readily  soluble 
in  water,  widi  more  difficulty  in  alcohol,  and  insoluble  in  ether  and  acetone. 

Found '5k  N  5.10;  I  47.27.  C16HJ2O2N2I2.  Calculated  <7o:  N  5.20;  1  47.21. 

SUMMARY 

1.  A  series  of  alkamino  esters  of  pyridine-,  piperidine  -  and  quinuclidinecarboxylic  acids  was  synthesized. 

2.  Pharmacological  study  of  the  synthesized  esters  revealed  that  two  members  “  the  diethylaminoethyl 
esters  of  a -quinuclidinedicarboxylic  acid  and  of  1,6-dimethylpipecolinic  acid  -  in  the  form  of  their  quaternary 
salts  possess  high  ganglion -blocking  activity. 
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THE  PREPARATION  AND  PROPERTIES  OF  E  T  H  Y  L -N -{  2 -QU I N  U  C  LI  DI N  Y  L)  U  RE  TH  AN  E 

M,  V.  Rubstov  and  E.  E.  Mikhlina 


As  is  known,  a  -aminopiperidine  is  stable  in  the  form  of  its  acyl  derivatives  [1,  2],  but  when  attempts 
are  made  to  isolate  it  in  the  free  state  the  compound  cleaves  ammonia  and  is  converted  into  a  teuahydro- 
pyridine  polymer.  As  is  shown  in  the  present  communication,  a  similar  situation  also  exists  for  ?-amino- 
quinuclidine. 

We  made  an  attempt  to  obtain  2-aminoquinuclidine  by  the  Curtius  reaction.  Our  starting  product  was 
the  hydrazide  of  2-quinuclidinecarboxylic  acid,  which  when  reacted  with  isbamyl  nitrite  in  alcoholic  hydrogen 
chloride  solution  was  converted  into  ethyl-N-(2-quinuclidinyl)urethane  in  44<7o  yield.  Here  the  ethyl  ester  of 
2-quinuclidinecarboxylic  acid  is  formed  as  a  by-product  in  about  25% yield.  The  reaction  course  can  be 
depicted  by  the  following  scheme:  • 


M,C  CM,  CH, 

I  I  I  * 

H.C  CM.  CH-CONHNH, 

w/ 

N 


no  -C«M,.0N0 


CH 

HjC  cmjCM-CONj 


CH 

/l\ 

C-.CM, 

H.C  cmj  CH-NH-COOR 

\l/ 

N 

CH 

/l\ 

HjC  CHj  CH, 

I  I  I  +HN, 

HjC^cm^Ch-COOR  3 


R  — C2H5 ,  isc  . 


The  hydrolysis  of  ethyl-N-(2-quinuclidinyl)urethane  with  hydrochloric  acid  gives  the  equivalent  amount 
of  ammonium  chloride  and  an  amorphous  substance  is  formed,  soluble  in  alcohol  and  in  chloroform,  and  in¬ 
soluble  in  other  organic  solvents  and  in  water.  This  compound  has  the  composition  CyHiiN,  shows  negative 
reaction  for  the  double  bond, and,  apparently,  is  a  dehydroquinuclidine  polymer. 

Ammonia  is  evolved  when  ethyl-N-(2-quinuclidinyl)urethane  is  reacted  at  180”  with  either  aniline  or 
benzylamine, and  diphenyl-  or  dibenzylurea  is  formed:here  the  quinuclidine  portion  of  the  molecule  is  con- 
‘verted  into  a  hard  polymer,  in  its  properties  identical  with  the  polymer  that  is  formed  when  the  urethane  is 
treated  with  hydrochloric  acid.  If  the  reaction  is  run  at  100”  the  products  obtained  are  ammonia,  the  poly¬ 
meric  compound  and  benzylurethane.  The  latter  when  heated  with  benzylamine  at  180”  gives  dibenzylurea. 

The  formation  of  dibenzylurea  when  the  urethane  is  heated  with  benzylamine  at  180”  is  the  result  of  a  secondary 
reaction  between  the  benzylurethane,  already  formed  at  100”,  and  benzylamine.  Apparently,  the  primary  reac¬ 
tion  is  the  transacylation  that  takes  place  between  the  ethyl-N-(2-quinuclidinyl)urethane  and  the  benzylamine, 
as  a  result  of  which  2-aminoquinuclidine  is  formed.  The  latter  compound,  being  an  unsymmerrically  sub¬ 
stituted  diaminomethane,  cleaves  one  mole  of  ammonia  to  form  an  unsaturated  bicyclic  system,  which  suffers 
easy  condensation  and  conversion  into  a  hard  polymer. 
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EXPERIMENTAL 


Ethyl -N -( quinuclidyl -2) -urethane.  7.27  ml  16.47o  alcoholic  solution  of  hydrogen  chloride  was  added 
to  a  solution  of  3.76  g  hydrazide  of  iUinuclidine -2 -carboxylic  acid  (m.p.  78“)  in  40  ml  anhyvroas  ethyl  alcohol 
and  then  3.88  g  freshly  prepared  isoamylniiritc  v^as  added  to  the  reaction  mixture  with  ice  cooling  and  stir¬ 
ring.  After  all  the  isoamyl  nitrite  was  added,  which  took  20  minutes,  the  ice  bath  was  remoyed  and  the  reac¬ 
tion  mixture  was  stirred  at  room  temperature  for  3  hours  and  the  solution  was  then  heated  at  the  boil  for  4 
hours.  The  eyolution  of  nitrogen  stopped  after  2  hours.  The  alcohol  was  steamed  off  in  yacuum  and  the  residue 
was  treated  with  507o  potash  solution  and  extracted  with  ether.  The  ethereal  solution  was  dried  with  calcined 
potash  for  one  hour  and  then  the  ether  was  driyen  off  and  the  residue  was  heated  oyer  a  boiling  water  bath 
for  30  minutes.  The  gelatinous  mass  which  formed  was  carefully  rubbed  off  and  washed  with  dry  ether.  We 
isolated  1.9  g  (44.3%)  ethyl-N-(quinuclidyl-2)urethane  in  the  form  of  white  amorphous  powder,  difficulty 
soluble  in  alcohol  and  insoluble  in  water  and  other  organic  solyents.  It  melted  at  166-168°. 

Found  %:  C  60.56,  60.26;  H  9.23,  9,02;  N  14.34,  14.41.  CioHi,0,N,. 

Calculated  %:  C  60.60;  H  9.09;  N  14.14. 

The  hydrochloride  was  obtained  upon  dilution  of  the  product  in  5%  hydrochloric  acid  solution  with  ace¬ 
tone.  M.p.  136-138*  (from  aqueous  acetone).  The  white  powder,  readily  soluble  in  water,  was  insoluble  in 
acetone,  ether  and  benzene. 

Found  %:  N  11.60;  Cl  15.16.  CioHuOiNj  •  HCl.  Calculated  %:  N  11.94; 

Cl  15.14. 

The  ethereal  mother  liquor,  after  separation  of  ethyl-N-(quinuclidyl-2)urethane,  was  steamed  down 
in  yacuum  and  the  residue  was  distilled.  We  obtained  1  g  colorless  mobile  liquid,  readily  soluble  in  water  and 
in  organic  solyents.  B.p.  87-89°  (0.5  mm).  122-123*  (14  mm),  n^  1,4723. 

Found  %:  N  7.83,  7.91.  CioHitOjN.  Calculated  %:  N  7.65. 

Analysis  of  the  product  and  it  properties  showed  it  to  be  the  ethyl  ester  of  quinuclidine  -2 -carboxylic 
acid.  Upon  hydrolysis  with  hydrochloric  acid,  we  obtained  the  hydrochloride  of  quinuclidine -2 -carboxylic 
acid,  m.p.  300*  (decomp.)  [3]. 

Isoamyl-N-(quinuclidyl-2) -urethane.  2  g  hydrazide  quinuclidine -2 -carboxylic  acid  in  20  ml  anhydrous 
isoamyl  alcohol  was  mixed  with  2.75  ml  23.4%  solution  of  hydrogen  chloride  in  isoamyl  alcohol  and  treated 
with  2.07  g  isoamyl  nitrite  in  the  same  manner  as  described  aboye  for  quinuclidine -2 -urethane.  The  result¬ 
ing  alcoholic  solution  of  the  azide  of  quinuclidine -2 -carboxylic  acid  was  heated  for  3.5  hours  at  120-125°. 
Intense  evolution  of  gas  was  noted  during  the  first  hour  of  heating.  After  the  heating  was  stopped,  the  isoamyl 
alcohol  was  driven  off  under  reduced  pressure,  the  residue  was  dissolved  in  5  ml  water,  the  aqueous  solution 
was  treated  with  20  ml  50-/3  potash  solution  and  extracted  with  ether.  The  ethereal  solution  was  dried  over 
sodium  sulfate,  the  ether  was  driven  off  snd  the  substance  was  distilled  in  vacuum.  The  liquid  collected  at 
0.6  mm  boiled  at  100-137°  and  was  separated  into  two  fractions  by  a  second  distillation  which  boiled  at 
105-108°  and  110-112°.  The  1st  fraction  (0.95  g),  a  greenish  liquid,  readily  soluble  in  organic  solvents,  less 
soluble  in  water,  was  isoamyl-N-(quinuclidyl-2-)-urethane;  n^  1.4587, 

Found  %;  C  64.84,  64.90;  H  10.21,  10.19.  QjH^OjN,.  Calculated  %:  C  65.00; 

H  10.00. 

The  2nd  fraction  (0.8  g),  a  colorless  liquid,  readily  soluble  in  organic  solvents  and  in  water,  was  the  iso¬ 
amyl  ester  of  quinuclidine -2 -carboxylic  acid;  n^  1.4671. 

Found  %:  C  69.03;  H  10.58.  CuHjjOjN.  Calculated  %:  C  69.33;  H  10.22. 

Hydrolysis  of  ethyl-N-(quinuclidyl-2) -urethane  with  hydrochloric  acid.  1  g  ethyl-N-(quinuclidyl-2)- 
-urethane  and  10  ml  of  hydrochloric  acid  (1 : 1)  were  heated  at  the  boil  for  4  hours.  The  cooled  solution  was 
filtered,  concentrated  in  vacuum,  the  residue  was  diluted  with  acetone  and  0.26  g  of  ammonium  chloride 
was  filtered  off.  The  mother  liquor  was  steamed  down  after  separation  of  the  crystals,  the  residue  was  treated 
with  50%  potash  solution  and  extracted  with  chloroform.  The  amorphous  precipitate,  obtained  upon  removal 
of  the  chloroform,  was  dissolved  in  5  ml  of  alcohol  and  mixed  with  10  ml  alcoholic  solution  of  picric  acid. 

The  picrate  which  came  down  was  separated,  washed  with  alcohol  and  dried.  It  was  a  yellow  powder,  m.p. 
158-160°. 
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Found  C  45.99,  46.06;  H  4.30,  4.60  (C7H11N  •  C6H3O7N3)  .  Calculated  % 

C  45.90;  H  4.16.  " 

Reaction  of  ethvl-N-(quinuclidvl-2)-urethane  with  benzylamine.  a)  1  g  ethyl-N-(quinuclidyl-2)- 
urethane  and  6  g  benzylamine  were  heated  at  180*  for  6  hours.  The  reaction  solution  had  an  ammonia  odor. 

Upon  cooling,  long  colorless  needles  fell  down,  were  spearated  off,  washed  with  a  small  quantity  of  alcohol  and 
recrystallized  two  times  from  alcohol.  They  melted  at  167-168*  [4].  Yield  0.9  g.  The  substance  was  not 
soluble  in  water  or  in  hydrochloric  acid.  Analysis  of  the  compound  and  its  properties  showed  it  to  be  dibenzylurea. 

Found  <70:  C  74.85,  75.13;  H  6.83,  6.72;  N  11.50.  CisHigONj.  Calculated 
C  75.00;  H  6.67;  N  11.67. 

After  separating  the  dibenzylurea,  the  mother  liquor  was  concentrated  under  reduced  pressure.  After  the 
benzylamine  was  driven  off,  the  residue  was  a  foamy  mass,  soluble  in  alcohol  and  insoluble  in  other  organic 
solvents  and  water.  The  prepared  picrate  melted  at  158-160*  (decomp.)  and  was  identical  to  the  picrate  prepared 
from  the  polymer  which  formed  upon  treating  ethyl-N-(quinuclidyl-2)-urethane  with  hydrochloric  acid. 

b)  A  mixture  of  1  g  ethyl-N-(quinuclidyl-2) -urethane  and  6  g  benzylamine  was  heated  on  a  boiling  water 
bath  for  10  hours.  The  ammonia  which  evolved  was  detected  by  odor  and  blueing  of  litmus.  The  reaction  mix¬ 
ture  was  concentrated  under  reduced  pressure.  Benzylamine  at  first,  and  then  benzylurethane  were  driven  off. 

B.p.  50-52*  (0.3  mm)  and  m.p.  45*.  The  above-described  polymer  remained  in  the  distilling  flask. 

Found  %  N  7.76.  CioHuO^N.  Calculated  <7o:  N  7.82. 

The  distilled  benzylurethane  (0.4  g)  was  heated  with  3  g  of  benzylamine  at  180'  for  6  hours.  Dibenzylurea 
came  down.  M.p.  167-168*. 

SUMMARY 

Starting  from  the  hydrazide  of  2-quinuclidinecarboxylic  acid  the  ethyl-  and  isoamyl-N“(2-quinuclidinyl)- 
urethanes  were  obtained.  Together  with  the  urethanes  the  esters  of  2-quinuclidinecarboxylic  acid  are  formed. 

The  treatment  of  the  ethyl-N -(2 -quinuclidiriyl) -urethane  with  either  hydrochloric  acid  or  benzylamine  leads  to 
the  evolution  of  ammonia  and  the  formation  of  a  polymeric  substance. 
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THE  STABILITY  OF  THE  Si-C  BOND  IN  AROMATIC  AND  H  Y  DR  O  AR  O  M  AT  IC 


SILANES  TO  THE  ACTION  OF  ACIDIC  REAGENTS 
A.  D.  Petrov,  T.  I.  Chernysheva  and  E.  A.  Chernyshev 


The  Si-C^jyj  bond  differs  sharply  from  the  C*‘C  bond  in  its  behavior  toward  heterolytic  (ionic)  decompo¬ 
sition,  proceeding  easily  under  the  influence  of  either  acids  or  alkalies,  which  is  determined  by  the  larger  volume 
and  lower  electronegativity  of  the  Si  atom  when  compared  with  the  carbon  atom  (the  electronegativity  of  silicon 
is  1.8,  that  of  carbon  is  2.5)  [1].  The  stability  of  this  bond  also  changes  within  certain  limits  as  a  function  of  the 
electronegativity  (magnitude)  of  the  radical  in  which  the  carbon  atom  is  found.  The  radicals,  situated  to  the 
right  of  phenyl  in  the  radical  series,  arranged  in  the  order  of  decreasing  negative  charge  [2],  show  relatively 
stable  bonding  to  silicon,  and  in  these  cases  the  Si-C  bond  is  not  destroyed  by  acidic  reagents.  In  addition,  con¬ 
centrated  sulfuric  acid  is  frequently  used  to  purify  tetraalkylsilanes.  Excluded  from  the  radicals  standing  to  the 
right  of  phenyl  are  the  allyl,  the  alkynyls  and  phenylethynyl,  all  suffering  cleavage  under  the  influence  of  acids 
[3].  However,  it  is  possible  that  the  decomposition  of  such  compounds  is  due  to  the  instability  (at  room  tempera¬ 
tures)  of  the  addition  products  of  the  acidic  reagents  at  the  multiple  bonds  as  the  result  of  6  -decomposition. 

The  aromatic  radicals  -  phenyl  and  the  radicals  standing  to  the  left  of  it,  and  characterized  by  negative 
charges  of  considerable  magnitude,  present  a  different  story.  Even  phenyl  itself  is  cleaved  with  extreme  ease 
under  the  influence  of  dry  HCl  in  acetic  acid  under  the  standard  conditions  used  for  studying  the  stability  of  the 
Si-C  bond  [4].  An  even  stronger  reagent  -  aluminum  chloride  -  quantitatively  cleaves  the  Si-C  p|,gfjyj  bond 
even  at  room  temperature  [5]. 

For  the  aromatic  silanes  with  substituents  in  the  ring  the  stability  of  the  Si-C  bond  toward  the  action  of 
acidic  reagents  is  first  determined  by  the  nature  of  the  substituent.  It  was  found  that  the  higher  the  Hammet 
constant  a  of  the  substituent,  characterizing  the  charge  of  the  latter  [6],  the  greater  the  stability  of  the  Si-C  bond, 
in  this  connection  the  presence  of  a  substituent  with  o  >  +  0.4  strengthens  the  Si-C^^yj  bond  to  such  an  extent  that 
it  fails  to  suffer  rupture  under  the  influence  of  electrophilic  reagents  [7].  Substituents  with  such  a  value  are  very 
few  -  the  main  ones  are  -m  -CN  (+  0.678),  p-CN  (+1.000),  m  ■NO2  (+0.710),  p-N02  (+0.778),  p-  COOH  (+0.728), 
p- CH3CO  (+0.874),  p-CHO  (+1.126).  Because  of  the  stability  of  compounds  with  such  substituents  it  proved  pos¬ 
sible,  for  example,  to  acylate  toluene  and  anisole  with  the  acid  chlorides  of  o-  and  p-trimethylsilylbenzoic  acids 
in  the  presence  of  AICI3  [8]. 

The  aralyky  radicals,  in  which  the  aryl  group  is  linked  with  Si  thjcughar  aliphatic  bridge,  Hich  as  benzyl, 
0 -phenylethyl,  etc.,  are  located  right  of  aliphatic  radicals  in  the  radical  elect'o.'iegative  series. 

And  actually,  the  Si-C  bond  in  the  silanes  with  such  radicals  proved  to  be  extremely  resistant  to  the  action  of 
acidic  reagents.  Hydrogen  chloride  under  the  above  presented  standard  conditions  is  completely  without  effect 
on  either  trimethylbenzylsilane  or  trimethyl-B -phenylethylsilane  [4].  Aluminum  chloride  at  temperatures  up  to 
130-140°  also  fails  to  evoke  decomposition  of  the  Si-C  bond  in  either  the  benzyl-  or  0 -phenyle thy Isi lanes,  which 
fact  made  it  possible  for  us  to  synthesize  the  latter  by  the  silicoalkylation  of  aromatic  hydrocarbons  with  a  -  and 
0  -chloroalkyltrichlorosilanes  [9],  and  also  to  acylate  trimethylbenzylsilane  [10]  in  the  presence  of  AICI3, 

In  the  present  work  we  were  interested  in  studying  the  behavior  of  the  hydroaromatic  silanes,  i.e.  the 
"intermediates"  between  the  aromatic  and  aliphatic  silanes,  toward  HCl  and  AICI3.  We  studied  the  reaction  of 
1,4 -di  -(tributylsilyl) -1,4 -dihydrobiphenyl,  1, 4 -di“(triethylsilyl) -1,4 -dihydronaphthalene  and  9,10-di-(triethyl- 
silyl) -9, 10 -dihydroanthracene  with  20^0  HCl,  dry  hydrogen  chloride  in  glacial  acetic  acid,  and  ammonium  chlo¬ 
ride.  For  comparison  we  also  studied  the  behavior  in  these  reactions  of  the  structurally  similar  aromatic  silanes  — 
triethylbiphenylsilane  and  triethylnaphthy  Isi  lane. 
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When  tiiethylnaphdiylsiUne  was  boiled  widi  an  excess  of  20<^  HCl  the  Si -C bond  was  des¬ 
troyed  to  the  extent  of  89^  The  other  4  investigated  compounds  proved  to  be  stable  under  these  conditions 
and  absolutely  no  destruction  of  the  Si-C  bond  was  observed. 

The  reaction  widi  dry  hydrogen  chloride  was  run  under  the  standard  conditions  used  to  study  the  stabil¬ 
ity  of  the  Si~C  bond.  The  silicohydrocarbon  was  dissolved  in  an  an  approximately  equal  amount  of  acetic 
acid,  and  dry  hydrogen  chloride  was  passed  through  the  mixture  for  6  hours.  Under  these  conditions  the  tri- 
ethylnaphthyl-  and  triethylbiphenylsilanes  suffered  decomposition  to  the  extent  of  84  and  43<^  respectively. 
The  9,10-di-(triethylsilyl)-9,10-dihydroanthracene  showed  decomposition  to  the  extent  of  72*51^  in  which  con¬ 
nection  the  crystalline  decomposition  product  consisted  of  80^  anthracene  and  20*^  dihydroanthracene,  i.e. 
dehydrogenation  jvoceeded  parallel  with  the  cleavage  reaction.  Under  these  conditions  the  l,4-di-(triethyl- 
silyl)-l,4-dihydrona{dithalene  showed  a  total  decomposition  of  only  Vy%,  in  which  connection  the  crystalline 
decomposition  product  wau  pue  najdithalene.  l,4-Di-(tributylsilyl)-l,4-dihydrobiphenyl  was  completely  unaf¬ 
fected  under  these  conditions.  As  a  result,  in  die  stability  of  the  Si— C  bond  toward  the  action  of  HCl, the 
radicab  of  the  investigated  compounds  can  be  arranged  in  the  following  order; 

0()>oo->0(D>0ii 


To  smdy  the  reaction  of  the  silanes  with  aluminum  chloride  the  silicohydrocarbon  and  an  equivalent 
amount  of  AlCly,  needed  for  complete  cleavage  of  the  (jjyi)  b<Mid,  were  placed  in  a  flask, 

and  die  mixture  was  stirred  at  15-25*  for  15  hours.  In  all  cases  quantitative  cleavage  of  the  Si-C  hydroaryl 
(aryl)  observed.  It  should  be  mentioned  diat  in  the  case  of  the  dihydroaromatic  silanes  only  aro¬ 

matic  hydrocarbons  were  present  in  the  decomposition  poducts,  i.e.  parallel  with  the  cleavage  of  the  Si  -C 
bond  there  poceeded  quantitative  dehydrogenation. 

EXPERIMENTAL 

Silicon  hydrocarbons  were  synthesized  by  the  peviously  described  methods  [11,  12]. 

1)  Reaction  of  silicon  hydrocarbons  with  20*}b  HCl.  5.5  g  triethylna{dithybilane  and  10  ml  20<5t  HCl 
was  placed  in  a  round -bottomed  flask  fitted  with  reflux  condenser.  The  contents  of  the  flask  were  boiled 
for  3  hours.  The  mixture  was  then  cooled  and  the  naphthalene  was  filtered  off,  washed  on  a  filter  with  water, 
with  weak  NaHCQi  solution  and  recrystallized  from  alcohol.  We  isolated  2.55  g  (SO^o)  naphthalene.  It  melted 
at  79.5-80*.  A  test  mixture  gave  no  depession. 


Silicon  Hydrocarbon 

Taken 

for  reac  - 
tion  (g) 

Isolated 

in  reac - 
tion(g) 

Boilini 

1  point 

_ _ 

of  initial 
compounds 

of  isolated 
compounds 

of  initial 

com¬ 

pounds 

of  isola 

ted  con 
pounds 

Triediylxeny  bilane 

10 

7.0 

145-147* 

140-145" 

1.5668 

1.5670 

(3  mm) 

(3  mm) 

1,4 -Di -(tributybilyl) -1,4-dihydro  - 

15 

12.2 

223-225 

218-222 

1.4770 

1.4768 

biphenyl 

(20  mm) 

(19  mm) 

1,4 -Di -(triethybilyl) -1,4 -dihydro  - 

15 

11.7 

320-322 

318-322 

1.5238 

1.5230 

naphthalene 

9,10 -Di -(triethybilyl) -9, 10 -dihydro  - 

10 

7.3 

234 

234-237 

- 

- 

anthracene  • 

(3  mm) 

(3  mm) 

•  Original  substance  had  m.p.  79.5“,  isolated  -  78-79*. 
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The  Si~C  bond  remained  intact  in  the  other  four  cases.  The  experiments  were  performed  under  the  same 
conditions.  After  cooling  the  mixture,  the  organic  layer  was  separated  off  and  the  acid  layer  was  extraced  with 
ether.  The  organic  layer  and  the  ethereal  extract  were  washed  with  water  and  weak  NaHCOs  solution,  dried  and 
distilled.  The  experimental  results  are  given  in  the  t  able. 

2)  Reaction  of  silicon  hydrocarbons  with  dry  HCl  in  acetic  acid,  a)  Triethylnaphthylsilane.  5  g  of  silicon 
hydrocarbon  was  dissolved  in  10  ml  of  glacial  acetic  acid.  A  stream  of  dry  HCl  was  passed  into  the  solution  for 
6  hours.  The  mixture  was  then  poured  into  weak  NaHC03  solution.  The  naphthalene  which  came  down  was 
filtered  off,  washed  over  filter  paper  with  water  and  weak  NaHC03  solution  and  recrystallized  from  alcohol.  We 
isolated  2.2  g  naphthalene,  m.p.  79.5°.  A  test  mixture  gave  no  depression. 

T.tietbylxen^lsilane.  7  g  silicon  hydrocarbon  was  dissolved  in  12  ml  glacial  acetic  aciu.  The  rea  tion 
was  performed  under  the  same  conditions  as  in  Experiment:  (a).  Yield  1.7  g  ( t3^i)  diphenyl,  m.p.  6d.5°.  A 
test  mixture  gave  no  rtepression. 

c)  l,4-Di-(tributvlsilvl)-1.4-dihvdrobiphenyl.  6.5  g  silicon  hydrocarbon  was  dissolved  in  12  ml  of  glacial 
acetic  acid.  The  reaction  was  performed  under  the  conditions  of  Experiment  (a) .  When  the  reaction  mixture 
was  poured  into  water,  a  crystalline  product  did  not  form.  The  organic  layer  was  separated,  washed  with  water 
and  with  NaHC03  solution  and  dried.  Distillation  yielded  4.7  g  l,4-di-(tributylsilyl)-l,4 -dihydrobiphenyl  which 
boiled  at  218-225°  (20  mm),  n^  1.4765. 

d)  1,4-Di -(triethylsilyl)-l,4-dihydronaphthalene.  12  g  silicon  hydrocarbon  was  dissolved  in  20  ml  glacial 
acetic  acid  and  a  stream  of  dry  HCl  was  passed  through  the  solution  for  10  hours.  When  the  mixture  was  poured 
in  water,  some  crystalline  product  formed  and  a  large  organic  layer  remained.  After  suitable  treatment  of  the 
crystalline  product,  we  isolated  0.20  g  crystals,  m.p.  78.5-79°.  Distillation  of  the  organic  layer  yielded  0.23  g 
more  crystals,  m.p.  77-79°  and  7.6  g  initial  silicon  hydrocarbon,  boiling  range  315-325°,  n^  1.5235.  After 
recrystallization  from  alcohol  the  crystals  melted  at  79.5°.  A  test  mixture  with  naphthalene  gave  no  depression. 

e)  9, 10 -Diftriethylsilyl) -9, 10 -dihydroanthracene.  7.5  g  silicon  hydrocarbon  was  dissolved  in  15  ml  glacial 
acetic  acid.  A  stream  of  dry  HCl  was  passed  through  the  solution  for  6  hours.  The  contents  of  the  flask  were 
then  poured  into  water  and  neutralized  with  soda.  The  reaction  products  were  extracted  with  ether,  dried  and 
distilled.  Distillation  yielded  0.45  g  9, 10 -dihydroanthracene,  b.p.  310-315°,  m.p.  106°  (from  alcohol).  A  test 
mixture  gave  no  depression.  We  also  isolated  1.9  g  anthracene,  boiling  range  342-355°,  m.p.  215-218°  (a  test 
mixture  gave  no  depression),  and  3.8  g  initial  silicon  hydrocarbon,  b.p.  230-234°  (3  mm),  m.p.  78.5°.  Thus, 

the  decomposition  amounted  to  72*70  (based  on  the  decomposition  products). 

3)  Reaction  of  silicon  hydrocarbons  with  aluminum  chloride,  a)  Triethylnaphthylsilane.  We  placed  10  g 
silicon  hydrocarbon  and  5,5  g  AICI3  in  a  small  flask  fitted  with  a  stirrer.  The  mixture  was  stirred  for  10  hours  at 
20-25°  and  decomposed  upon  careful  pouring  over  finely  ground  ice.  The  organic  layer  was  extracted  with  ben¬ 
zene,  dried  and  distilled.  Distillation  yielded  4,9  g  (~93°lo)  naphthalene,  m.p.  79.5°.  A  test  mixture  gave  no 
depression.  Besides  this,  we  isolated  1.6  g  triethylsilanol,  b.p.  153-158°,  np  1.4360  and  2  g  hexaethyldisiloxane, 
b.p.  230-235°,  ng  1.4345. 

b)  Triethylxenylsilane..  10  g  silicon  hydrocarbon  and  5  g  AICI3  were  placed  in  a  small  flask  fitted  with  a 
stirrer.  The  reaction  was  performed  under  the  conditions  of  Experiment  (3a),  Distillation  yielded  5.1  g  (90*%) 
biphenyl,  m.p.  68-69°.  A  test  mixture  gave  no  depression.  Besides  this,  we  isolated  2.8  g  hexaethyldisiloxane, 
b.p.  220-228°,  n*5  1.4342. 

c)  l,4-Di-(tributylsilyl)-l,4-dihydrobiphen.yl.  We  took  12  g  silicon  hydrocarbon  and  5.8  g  AICI3  for  the 
reaction.  The  reaction  was  performed  under  the  conditions  of  Experiment  (3a).  Distillation  yielded  2.6  g 
biphenyl,  m.p.  68,5  (a  test  mixture  gave  no  depression)  and  5.3  g  hexabutyldisiloxane,  b.p.  193-194°  (10  mm), 
n^  1.4438. 

d)  1,4-Di -(triethvlsilyl)-l,4-dihydronaphthalene.  We  took  10  g  silicon  hydrocarbon  and  7.4  g  AICI3  for 
the  reaction.  The  reaction  was  performed  under  the  conditions  of  Experiment  (3a) .  Distillation  yielded  3.05  g 
(85*7o)  naphthalene,  m.p,  80°  (a  test  mixture  gave  no  depression),  and  also  2.1  g  of  triethylsilanol,  b.p.  152-156°, 
np  1.1365. and  2  g  hexaethyldisiloxane,  boiling  range  230-235°,  np  1.4346, 

e)  9,10-Di(triethylsilyl)-9,10-dihydrOinthracene.  8.2  g  silicon  hydrocarbon  and  5.3  g  of  AICI3  were  taken 
for  the  reaction.  Distillation  yielded  3.1  g  (86%)  of  anthracene,  m.p.  214°  (a  test  mixture  gave  no  depression) 
and  3.8  g  hexaethyldisiloxane,  b.p,  230-238°,  n^  1.4349. 
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SUMMARY 


1.  WiA  respect  to  Ae  action  of  HCl  in  glacial  acetic  acid  the  hydroaromatic  silanes  are  more  stable 
dian  are  their  structurally  similar  aromatic  silane  analogs.  In  the  stability  of  the  Si~C  bond  to  the  action 
of  HCl  the  investigated  radicals  can  be  arranged  in  the  following  order: 


OtO-> 


2.  Aluminum  chloride  effects  quantitative  cleavage  of  both  the  aromatic  and  hydroaromatic  silanes 
studied  by  us. 
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THE  CONDENSATION  OF  o  -  A  LDEH  Y  DOBEN  ZOIC  ACID  AND  ITS 
METHYL  ESTER  WITH  MALONIC  ESTER 

V,  M,  Rodionov*  and  E.  I.  Chukhina 


In  1926  V.  M.  Rodionov  and  his  coworkers  found  a  simple  and  original  method  for  the  preparation  of 
8 -aryl-B-aminopropionic  acids,  consisting  in  the  condensation  of  aromatic  aldehydes  with  malonic  acid  in 
the  presence  of  alcoholic  ammonia  solution  [1].  Under  these  conditions  the  unsaturated  acid  is  formed  in 
equal  amount,  and  at  times  predominantly.  This  synthesis  was  successfully  extended  to  the  aliphatic  aldehydes 
[2]  and  the  aromatic  aldehydo  acids  [3],  The  condensation  of  the  aldehydo  acids  was  studied  with  both  the 
neutral  and  partial  malonic  esters  [4], 

As  was  shown  by  V.  M.  Rodionov  and  A.  M.  Fedorova  [3],  the  main  reaction  product  in  the  condensation 
of  dimethoxy-o-aldehydcbenzoic  acid  (opianic  acid)  with  malonic  ester  in  the  presence  of  alcoholic  ammonia 
solution  is  meconylma Ionic  ester,  and  the  amino  acid  derivative  is  not  formed  at  all. 

In  the  present  work  we  studied  the  condensation  of  malonic  ester  with  o-aldehydobenzoic  acid  —  the 
analog  of  opianic  acid,  having  become  more  readily  available  in  recent  years  [5],  When  this  reaction  was 
run  under  the  same  conditions  as  for  opianic  acid,  the  corresponding  phthalidylmalonic  ester  (I)  was  also  isolated 
and  as  a  secondary  product  of  the  reaction  there  was  obtained  a  nitrogen -containing  compound,  in  accord  with 
its  analysis  data  being  diphthalidylamine  (II).  The  desamination  of  this  compound  (the  amine)  by  treatment 
with  HNO2  gave  o-aldehydobenzoic  acid  in  quantitative  yield: 
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The  reactidn  of  o-aldehydobenzoic  acid  with  malonic  ester  was  also  studied  under  other  conditions.  When 
the  ammonia  was  replaced  by  piperidine  only  the  ethyl  -ester  of  o-aldehydobenzoic  acid  was  isolated.  When 
the  condensation  of  malonic  ester  with  o-aldehydobenzoic  acid  was  run  in  the  presence  of  pyridine  [6],  instead 
of  the  phthalidylmalonic  ester  the  isomeric  o-:carboxybenzylidenemalonic  ester  (III)  was  obtained,  being  soluble 
in  soda  and  decolorizing  bromine  water.  The  heating  of  this  ester  with  alcoholic  caustic  solution  gave  o-car- 
boxycinnamic  acid;  the  same  acid  was  also  isolated  when  the  ester  was  heated  with  alcohohc  sodium  ethylate 
solution. 

From  the  literature  it  is  known  that  o-aldehydobenzoic  acid  reacts  in  two  tautomeric  forms  —  as  an 
aldehydo  acid  and  as  a  hydroxy  lactone  [7].  In  order  to  develop  the  question  as  to  which  tautomeric  forms 
are  capable  of  yielding  the  isomeric  esters  obtained  by  us,  we  undertook  a  study  of  the  isomerization  of  these 
compounds.  The  studies  revealed  that  when  the  phthalidylmalonic  ester  (I)  is  heated  with  pyridine,  i.e.  under 
the  conditions  for  the  preparation  of  its  isomeric  compound  (III),  that  this  ester  remains  unchanged.  If  the  o- 
carboxybenzylidenema Ionic  ester  (III)  is  heated  in  alcoholic  ammonia  solution,  then  it  is  isomerized,  forming 
the  phthalidylmalonic  ester  (I).  Finally,  it  was  established  that  when  the  o-carboxybenzylidenemalonic  ester 
(III)  is  heated  to  200-210’  without  solvent  that  it  fails  to  suffer  any  changes  whatsoever;  in  this  respect  it  is 

*  Deceased 
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quite  different  from  the  o-carboxycinnamic  acid,  which  easily  isomerizes  to  phthalidylacetic  acid  when  heated 
to  197*  [8].  These  results  permit  tlie  conclusion  that  the  o-carboxybenzylidenemalonic  ester  (III)  can  be  formed 
only  from  the  aldehydo  acid  form  to  o-aldehydobenzoic  acid.  As  regards  the  formation  of  the  phthalidylmalonic 
ester  (I),  then  it  can  be  formed  by  either  the  direct  condensation  of  the  hydroxy  lactone  form  oi  o-aldehydo¬ 
benzoic  acid  or  by  the  secondary  isomerization  of  the  first  formed  o-carboxybenzylidenemalonic  ester  (III): 
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Attempts  were  made  to  condense  malon'c  ester  with  the  methyl  a -ester  of  o-aldehydobenzoic  acid.  1)2;  3, 
Here,  as  in  the  preceding  instance,  the  o-carboxybenzylidenemalonic  ester  (III)  was  isolated,  and  in  small 
amount  apparently  also  the  methyl  ester  (V),  which  was  converted  by  treatment  with  aqueous  ammonia  solu¬ 
tion  into  the  diamide,  the  structure  of  which  on  the  basis  of  its  analysis  data  corresponds  to  Formula  (IV): 
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The  presence  of  a  comparatively  large  amount  of  the  o-carboxybenzylidenemalonic  ester  in  the  reaction 
products  is  probably  associated  with  the  facile  hydrolysis  of  its  carbomethoxyl  group. 
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E  XPERIMENT  AL 

Condensation  of  o-aldehydobenzoic  acid  with  malonic  ester,  a)  In  alcoholic  ammonia  solution.  A  mix¬ 
ture  of  11  g  o-aldehydobenzoic  acid,  11.73  g  malonic  ester  and  20  ml  alcoholic  12'7o  solution  of  ammonia  was 
heated  over  a  water  bath  for  5  hours.  After  the  condensation  product  was  treated  with  absolute  ether,  we  isolated 
1.85  g  diphthalidylamine,  insoluble  inether.  It  was  in  the  form  of  colorless  needles  (from  alcohol),  soluble  in 
alkali  and  in  concentrated  HCl.  M.p.  200-201*. 

Found  70:  C  68.52,  68.44;  H  3.92,  3.86;  N  5.12,  5.06.  CuHuQjN.  Calculated  7o; 

C  68.32;  H  3.91;  N  4.98. 

0.06  g  NaNO|  was  added  in  small  portions  with  ice -water  cooling  to  0.18  g  diphthalidylamine  which 
had  been  acidified  with  6  drops  107»  HJSO4  solution.  The  mixture  was  then  heated  until  the  solid  substance 
dissolved.  After  the  acidic  solution  was  evaporated  down,  0.18  g  o-aldehydobenzoic  acid  separated  out. 

Upon  treatment  of  the  ethereal  solutions  with  alcoholic  ammonia  solution,  after  the  ether  and  alcohol 
were  driven  off,  15.45  g  of  oil  separated  out  which  crystallized  upon  standing.  The  obtained  phthalidylmalonic 
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ester  crystallized  from  aqueous  alcohol  in  the  form  of  fine  colorless  needles  which  melted  at  89-90®;  the  sub 
stance  did  not  dissolve  in  soda  but  dissolved  in  alkali. 

Found  <^<r.  C  61.51,  61.71;  H  5.42,  5.53.  CisHgOe.  Calculated  <7o:  C  61.64; 

H  5.48.  .  . 

b)  In  alcoholic  solution  in  the  presence  of  piperidine.  Addition  of  6  drops  of  piperidine  to  a  mixture 
of  5  g  o-aldehydobenzoic  acid  and  5.33  g  malonic  ester  in  30  ml  of  absolute  alcohol  with  heating  for  5.5 
hours  yielded  3.2  g  ^  -ester  of  o-aldehydobenzoic  acid. 

c)  In  the  presence  of  pyridine.  25. g o-aldehydobenzoic  acid,  26.7  g  malonic  ester  and  3  g  pyridine 
were  heated  for  a  period  of  10  hours  on  an  oil  bath  at  107-115®.  The  resulting  oil  was  first  mixed  with  80 
ml  water  and  then  with  19  ml  18<7o  HCl  solution  and  shaken  with  ether.  From  the  ethereal  layer,  washed 
with  10-12<7o  soda  solution  and  with  water,  after  the  ether  was  driven  off,  40.1  g  viscous  oil  separated  out 
which  after  fractional  crystallization,  yielded  30.1  g  o-carboxybenzylidenemalonic  ester,  m.p.  39-40®.  * 

Found  fo:  C  61.64,  61.59;  H  5.48,  5.58.  M  300.  •  *  CisHeOg.  Calculated  fo: 

C  61.64;  H  5.48.  M  292. 

0.5  g  o-carboxybenzylidenemalonic  ester  was  heated  with  15  ml  5%  alcoholic  KOH  solution  for 
3  hours;  after  the  oil  which  formed  dissolved  in  water  and  the  resulting  solution  was  acidified,  0.3  g  o-car- 
boxycinnamic  acid  separated  out.  The  same  o-carboxycinnamic  acid  (0.2  g)  was  fwepared  from  o-car¬ 
boxybenzylidenemalonic  ester  (0.35  g)  upon  heating  the  latter  with  6  ml  sodium  ethylate  (0.18  g)  in 
alcoholic  solution. 

By  heating  2.0  g  o-catboxybenzylidenemalomc  ester  in  alcoholic  ammonia  solution  under  the  con¬ 
ditions  of  synthesis  of  its  isomer  (see  Experiment  a  ),  we  obtained  1.35  g  phthalidylma Ionic  ester,  0.18 
g  o-aldehydobenzoic  acid  and  0.31  g  initial  ester.  This  ester  remained  unchanged  upon  being  heated  to 
210®. 


0.8  g  initial  ester  was  obtained  by  heating  1.0  g  phthalidylmalonic  ester  with  pyridine  for  10  hours. 

Condensation  of  methyl  o-aldehydobenzoate  *  *  *  with  malonic  ester.  10.28  g  of  oil  was  obtained 
under  the  same  conditions  used  to  synthesize  o-carboxybenzylidenemalonic  ester  from  5.45  g  of  methyl 
o-aldehydobenzoate,  5,32  g  malonic  ester  and  0.5  gpyridine.  When  this  oil  was  distilled,  0,6  g  of  the 
methyl  ether  of  o-carboxybenzylidenemalonic  ester, b.p.  235-237®  at  8  mm,  separated  out. 

The  residue  (2.5  g),  boiling  higher  than  237“  at  8  mm,  crystallized  upon  standing.  o-Carboxyben- 
zyli  dene  malonic  ester  separated  out,  m.p.  39-40®. 

0,13  g  of  o-carboxybenzylidenemalonic  ester,  m.p.  39-40®,  obtained  from  0.2  g  of  its  methyl  ether, 
dissolved  in  soda  after  standing  for  a  short  period,  after  the  solution  was  acidified.  After  setting  aside  0.2 
g  of  the  ether  for  a  period  of  2  months  with  10  ml  of  37%  aqueous  ammonia  and  evaporating  down  the 
solution  almost  to  dryness,  0.1  g  of  diamide  (IV)  separated  out.  It  crystallized  from  the  aqueous  alcohol 
in  the  form  of  transparent  flakes  of  irregular  form  which  turned  bro  wn  upon  charring  but  did  not  fuse  when 
heated  to  300®. 


Found  %:  C  60.00,  60.10;  H  5.10,  5.05;  N  10.60,  10.67.  CUH14O4N2. 

Calculated  %  C  59.54;  H  5.34;  N  10.68. 

SUMMARY 

1.  Depending  on  the  conditions  used  for  the  condensation  of  o-aldehydobenzoic  acid  with  malonic 
ester  it  was  found  that  two  isomeric  compounds  are  formed  —  the  phthalidylmalonic  ester  (in  the  presence  of 
alcoholic  ammonia  solution)  and  the  o-carboxybenzylidenemalonic  ester  (in  the  presence  of  pyridine). 


•  2.2  g  o-aldehydobenzoic  acid  with  a  small  admixture  of  o-carboxybenzylidenemalonic  ester  and  0.5  g 
0“carboxycinammic  acid  precipitated  out  of  the  soda  solutions. 

•  *  The  molecular  weight  was  determined  by  cryoscopic  method  in  benzene. 

•  •  *  Methyl  o-aldehydobenzoate  was  prepared  from  the  silver  salt  of  the  acid  upon  heating  it  with  CH3I  in 
dry  benzene  [9]. 
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2,  It  was  established  diat  the  phthalidylmalonic  ester  in  the  jxesence  of  pyridine  cannot  isomerize 
into  the  o-carboxybenzylidenemalonic  ester,  whereas  the  latter  is  isomerized  in  alcoholic  ammonia  solu¬ 
tion,  being  converted  into  die  more  stable  phthalidylmalonic  ester. 

3.  On  the  basis  of  the  performed  studies  it  can  be  concluded  that  the  o-carboxybenzylidenemalonic 
ester  is  formed  only  from  the  aldehydo  acid  f(xm  of  o-aldehydobenzoic  acid,  while  it  is  possible  for  the 
phthalidylmalonic  ester  to  be  formed  from  either  hydroxyphthalidic  acid  or  the  aldehydo  acid  form  of  this 
acid. 
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ABSORPTION 

XVIII. 


SPECTRA  AND  STRUCTURE  OF  BENZENE  DERIVATIVES 
3,4 -DIHYDROXY ACETOPHENONE  AND  ITS  METHYL  ETHERS 
N.  A.  Valyashko*  and  N,  N.  Valyashko 


In  the  systematic  study  of  the  isomeric  dihydroxyacetophenones  for  the  purpose  of  eludicating  the  com¬ 
plex  conjugation  that  exists  between  the  benzene  ring  and  the  two  hydroxyl  groups  and  one  carbonyl  group  the 
compounds  that  have  already  been  studied  are  the  2,4-  [1],  3,5-  and  2,6 -dihydroxyacetophenones  [2];  still 
remaining  unstudied  are  the  3,4-,  2,5-  and  2,3 -dihydroxyacetophenones. 

In  this  paper  we  discuss  the  absorption  spectra  of  3,4-dihydroxyacetophenone  and  its  methyl  ethers. 

The  following  compounds  were  synthesized  by  methods  given  in  the  literature:  3,4-dihydroxyacetophenone 
[3],  3 -methoxy -4 -hydroxy acetophenone  [4],  3-hydroxy-4-methoxyacetophenone  [5]  and  3,4-dimethoxyaceto- 
phenone  [6].  Prior  to  study  the  obtained  substances  were  recrystallized  from  suitable  solvents. 

Spectrographic  Studies 

3,4-Dihydroxyacetophenone  was  studied  spectrographically  in  ethanol,  water  and  dichloroethane  at  con¬ 
centrations  of  2*10"*  -2' This  compound  is  insoluble  in  hexane. 

Due  to  the  conjugation  of  the  carbonyl  group  with  the  benzene  ting  and  separately  with  the 
hydroxyl  groups  the  absorption  spectrum  of  3,4-dihydroxyacetophenone  in  ethanol  consists  of  the 
iollowing  bands:  with  a  maximum  at  X  2760  A  and  c  10000,  corresponding  to  the  absorption 

band  tp  of  4-hydroxyacetophenone,  (maximum  at  X  3070  A  and  c  8000)  and  a  \  (maximum 
at  X  2300  A  and  €  20000),  corresponding  to  the  absorption  bands  oj  and  a  i  of  3 -hydroxyacetophenone.  The 
<^-band  of  3,4-dihydroxyacetophenone  is  2.5  times  less  intense  than  (/>-band  of  4-hydroxyacetophenone,  while 
the  is  twice  as  intense  as  the  a  j -band  of  3 -hydroxyacetophenone  (Fig.  1,  Curves  1,  2  and  3). 

Solvents  show  quite  a  considerable  effect  on  the  absorption  spectrum  of  3,4-dihydroxyacetophenone. 

While  retaining  its  general  absorption  character  the  absorption  spectrum  of  3,4-dihydroxyacetophenone,  and 
especially  the  Oj-band,  suffers  in  water,  ethanol  and  dichloroethane  solutions  a  successive  shifting  in  the  in¬ 
dicated  order  toward  the  short  wavelengths  and  a  considerable  increase  in  band  intensity  in  water  when  com¬ 
pared  to  the  absorption  bands  in  dichloroethane:  Uj  being  1.25  and  <p  being  2.5  times  greater  (Fig.  2,  Curves 
1,  2  and  3). 

A  greater  association  of  the  3,4-dihydroxyacetophenone  molecule  is  possible  in  dichloroethane  due  to 
hydrogen  bonding,  while  in  water  the  intramolecular  hydrogen  bonds  will  be  disturbed  to  a  certain  degree,  and 
the  conjugation  of  the  hydroxyl  with  the  benzene  ring  and  the  carbonyl  group  will  increase,  which  leads  to 
reinforcement  of  the  ^-band. 
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Fig.  1.  1)  3,4-dihydroxyaceiophenone  in  ethanol  Fig.  2.  1)  3,4-dihydroxyacetophenone  in  dichloroethane 
2  •  10"**  10"®M,,2)  4 -hydroxy acetophenone  in  ethanol  2  •  10"®  ~2  •  10“®  m.,  2)  3,4-dihydroxyacetophenone  in 
10"*  —2*  10"®M.,  3)  3 -hydroxyacetophenone  in  ethanol  2*  10"*  ~2*  10"*  M.,  3)  3,4-dihydroxyacetophe- 

ethanol  10"*  —2*  10”*  M.  none  in  water  2  •  10"*  — 2  •  10 “*  M. 

TABLE  1 


Compounds  (Solutions  in  Ethanol) 

-band 

V>-band 

a\- 

band 

\ 

6 

X 

€ 

X 

€ 

3 ,4  -Dihydroxy  acetophenone 

3070 

8000 

2760 

10000 

2300 

20000 

3  -Methoxy  -4  -hydroxyacetophenone 

3080 

10000 

2750 

20000 

2290 

40000 

3  -Hydroxy  -4  -methoxyacetophenone 

3100 

11000 

2740 

16000 

2310 

40000 

3 ,4  -Dimethoxy  acetophenone 

3000 

12000 

2720 

15000 

2300 

20000 

3-Methoxy-4-hydroxy-  (a),  3-hydroxy-4-methoxy-  (b)  and  3,4-dimethoxyacetophenone  (c)  were  studied 
in  water,  ethanol  and  hexane  at  concentrations  of  2*  10”*  —2*10  *  M.  The  conjugation  character  of  3,4-di¬ 
hydroxyacetophenone  is  also  retained  in  the  molecules  of  its  methyl  ethers  (Table  1). 

It  is  interesting  to  mention  that  in  the  absorption  spectrum  of  3 -methoxy -4 -hydroxyacetophenone  in 
ethanol  the  absorption  band  (p  becomes  twice  as  intense  as  the  </»-band  in  the  absorption  spectrum  of  3,4-di¬ 
hydroxyacetophenone.  This  indicates  that  with  methylation  of  the  hydroxyl  group  in  position  3  the  hydroxyl 
in  position  4  receives  greater  freedom  for  conjugation  with  the  ring  and  carbonyl  group.  The  interaction  be¬ 
tween  the  hydroxyl  groups  can  be  depicted  in  the  form  of  an  intramolecular  hydrogen  bond. 

It  is  possible  that  this  is  also  responsible  for  the  increase  in  the  intensity  of  the  3 -methoxy -4 -hydro¬ 
xyacetophenone  uj-band  by  1.25  in  ethanol  and  by  1.5  in  water  when  compared  with  the  a2-band  of  3,4- 
-dihydroxyacetophenone  in  the  same  solvents. 

While  retaining  the  general  absorption  character,  the  solvents  cause  sli^t  changes  in  the  positions  of  the 
absorption  bands  and  in  their  intensities  (Table  2). 

3 -Methoxy -4 -hydroxy-,  3 -hydroxy -4 -methoxy -  and  3,4-dimethoxyacetophenone  in  hexane  solutions 
give  spectra  in  which  the  Uj-  and  (/> -bands  are  shifted  toward  the  short  wavelengths.  The  <;^>-band  changes  its 
intensity  from  €  10000  to  6  16000,  while  the  intensity  of  the  Uj-band  decreases  from  e  10000  to  e  6000. 
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TABLE  2 


Compound 

Solvent 

</>-band  • 

a  1 

-band 

Si 

€ 

X 

e 

X 

€ 

3  -Methoxy  -4  -hydroxyacetophenone 

Water 

3020 

15000 

2740 

22000 

2270 

45000 

3  -Methoxy  -4  -hydroxyacetophenone 

Hexane 

2890 

10000 

2640 

10000 

2225 

45000 

3  -Hydroxy  -4  -methoxyacetophenone 

Water 

3090 

11000 

2750 

16000 

2320 

20000 

3  -Hydroxy  -4  -methoxyacetophenone 

Hexane 

2980 

6000 

2620 

12500 

2260 

32000 

3,4 -Dime  thoxyacetophenone 

Water 

3000 

11000 

2750 

16000 

2300 

20000 

3,4-Dimetho,xyacetophenone 

Hexane 

2980 

6400 

2690 

16000 

2800 

20000 

3,4-Dihydroxyacetophenone  and  its  methyl  ethers  in  alkaline  solutions.  Under  the  influence  of  sodium 
ethanolate  in  ethanol  the  monomethyl  ethers  of  3,4-dihydroxyacetophenone  give  salt-like  compounds  at  the 
unmethylated  hydroxyl  group,  in  which  connection  the  corresponding  band,  the  same  as  in  the  formation  of  the 
salts  of  the  monohydroxyacetophenones,  is  shifted  considerably  toward  the  long  wavelengths,  which  indicates 
that  botfi  of  the  conjugations  in  the  3,4-dihydroxyacetophenone  molecule  retain  the  properties  of  the  mono¬ 
hydroxyacetophenones  to  a  certain  degree. 


For  3  -  me  thoxy -4 -hydroxy  acetophenone  in  ethanol  in  the  presence  of  100  mole  equivalents  of  sodium 
ethanolate  a  salt  is  formed  at  the  hydroxyl  group  in  position4,  in  which  connection  there  occurs  full  develop¬ 
ment  of  the  absorption  band  </>  with  its  shifting  by  370  A  toward  the  long  wavelengths  (Fig.  3,  Curve  1).  Under 
influence  of  10  mole  equivalents  of  sodium  ethanolate  the  3-methoxy-4-hydroxyacetophenone  in  ethanol  solu¬ 
tion  gives  the  same  position  for  the  absorption  band  v>,  but  it  is  one -ha  Ifas  intense  as  in  the  case  of  100  mole 
equivalents  of  sodium  ethanolate  (Fig.  3,  Curve  2).  In  addition,  on  this  absorption  spectrum  curve  there  appears 
a  flat  bend,  corresponding  to  the  absorption  region  of  3-methoxy-4-hydroxyacetophenone  in  neutral  ethanol. 

That  incomplete  salt -formation  is  obtained  here  is  indicated  both  by  the 
fact  that  the  intensity  of  the  absorption  band  is  50%  and  by  the  fact  that  the 
acidity  of  the  hydroxyl  group  in  position  4  is  reduced  approximately  2 -fold  when 
compared  with  4 -hydroxy acetophenone. 

The  conjugation  of  the  methoxy  group  in  position  3  with  the  benzene  ring 
and  carbonyl  group  exerts  a  bathochromic  influence  on  the  absorption  band  <p, 
which  was  not  observed  in  neutral  ethanol. 
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For  3 -hydroxy -4 -methoxy acetophenone  the  salt  with  sodium  ethanolate  is 
formed  only  at  the  hydroxyl  in  position  3;  here  the  Uj-band  is  shifted  toward 
the  long  waves  of  the  long  wavelength  region  (edge)  by  660  A  and  the  maximum  is  shifted  by  380  A  (Fig.  4, 
Curve  1).  The  y»-band  is  shifted  by  only  70  A  toward  the  long  wavelengths  and  is  reduced  in  intensity  by  1.8 
times  when  compared  with  the  (/>-band  in  the  spectrum  of  3-methoxy-4-hydroxyacetophenone  in  neutral  ethanol. 

For  3,4-dihydroxyacetophenone  the  salt -formation  proceeds  at  both  hydroxyl  groups.  Even  one  mole 
equivalent  of  sodium  ethanolate  in  ethanol  solution  gives  a  salt,  but  the  latter  suffers  easy  alcoholysis  on  dilu¬ 
tion.  3,4-Dihydroxyacetophenone  in  ethanol  in  the  presence  of  10  and  100  mole 
equivalents  of  sodium  ethanolate  gives  a  wide  (p  absorption  band  with  a  maximum 
at  \  3450  A  and  e  14000,  the  intensity  of  which  in  the  presence  of  500  mole 
equivalents  of  sodium  ethanolate  is  augmented  up  to  e  40,000  (Fig.  5,  Curves 
1,  2  and  3).  This  band  corresponds  to  the  c^-band  in  the  absorption  spectrum  of 
3-methoxy-4-hydroxyacetophenone,  but  it  exceeds  it  in  intensity  by  1.8  times. 
The  02  absorption  band  of  3-hydroxy-4-methoxyacetophenone  in  ethanol  in  the 
presence  of  500  mole  equivalents  of  sodium  ethanolate  has  the  same  position  (X  3460  A  and  e  10000)  and,  be¬ 
ing  less  intense,  is  masked  by  the  more  intense  </»-band,  forming  an  expansion  in  its  lower  portion. 
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3,4-Dihydroxyacetophenone  and  its  methyl  ethers  in  concentrated  sulfuric 
acid.  3,4-Dihydroxyacetophenone  and  its  isomeric  monomethyl  ethers  were 
studied  in  concentrated  sulfuric  acid  (d  1.84)  at  concentrations  of  2*  10"®— 2*  10"®M. 
Yellow-colored  solutions  were  obtained.  To  check  for  the  absence  of  sulfonation 
the  solutions  were  diluted  10 -fold  and  the  absorption  spectra  of  the  substances  were 
taken  in  dilute  sulfuric  acid;  the  spectra  obtained  here  are  very  close  to  the  spectra 
■  obtained  in  water. 
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Fig.  3.  1)  3 -Methoxy -4 -hydroxy acetophenone  in  ethanol  Fig.  4.  1)  3 -hydroxy -4 -methoxy acetophenone  in 
2*  10“’-2-  10"®  M.  +  100  mol.  NaOCtHg,  2)  3 -methoxy-  ethanol  2- 10"®-2*  10‘®M.  +  500  mol.  NaCX:2H5, 
4-hydroxyacetophenone  in  ethanol  2- 10"*-2-  lO'®  m.  2)  3-hydroxy-4-methoxyacetophenone  in  ethanol 

+  10  mol.  NaCXIijHs,  3)  4-hydroxyacetophenone  in  ethanol  2- 10”®— 2*  10”®  M.,  3)  3-hydroxyacetophenone 

10'®-5’  10”®  M.  +  10  mol.  NaOCjHs,  4)  3-methoxy-  in  ethanol  lO'®— 2*  10“®  M.  +  100  mol.  NaOti^Hs. 

acetophenone  in  ethanol  10"®— 6*  10”®  M.,  5)  3-methoxy- 
4-hydroxyacetophenone  in  ethanol  2’  10”®-10”®M.. 

The  absorption  spectra  of  3,4 -dihydroxy acetophenone  and  its  isomeric  monomethyl  ethers  in  concentrated 
sulfuric  acid  solutions,  due  to  the  great  polarizing  influence  of  the  latter,  give  strongly  developed  </>  bands, 
characterized  by  great  width  and  absorption  intensity. 

The  general  character  of  their  absorption  spectra  curves  corresponds  to  the  absorption  spectra  of  the  4- 
hydroxy  and  4-methoxyacetophenones  in  concentrated  sulfuric  acid,  but  they  ate  shifted  toward  the  long  wave¬ 
lengths  by  110-150  A  and  are  characterized  by  an  intensity  that  is  3.6,  1.6  and  3.3  times  greater,  respectively 
(Table  3). 

The  conjugation  of  the  hydroxyl  group  in  position  3  with  the  benzene  ring  and  carbonyl  group  appears  as 
a  suongly  bathochromic  effect,  being  expressed  in  the  shifting  of  the  long-wave  edge  of  the  band  of  3,4-di- 
hydroxyacetophenone  and  its  monomethyl  ethers  by  400-500  A  toward  the  long  wavelengths,  and  also  in  a  hypso- 
chromic  effect,  expressed  in  a  heightening  of  the  absorption  band  intensity.  Here  the  greatest  increase  in  the 
intensity  of  the  <p  band  is  reached  for  the  3 -methoxy -4-hydroxyacetophenone  (c  100,000)  and  for  the  3,4-di- 
hydroxyacetophenone  (e  90,000),  while  for  3 -hydroxy -4 -methoxy acetophenone  the  intensity  reaches  a  value 
of  only  €  45,000,  i.e.  it  is  2.2  times  less,  which  shows  the  role  played  by  the  free  hydroxyl  group  in  increasing 
conjugation  and  the  growth  in  the  intensity  of  the  tp  band.  The  yellow  color  of  the  solutions  of  3,4 -dihydroxy - 
acetophenone  and  its  monomethyl  ethers  in  concentrated  sulfuric  acid  can  indicate  the  formation  of  tlie  car- 
bonium  salt  with  the  carbon  of  the  carbonyl  group. 


In  1915  Auwers  [7]  studied  the  influence  of  position  isomerism  in  aromatic  aldehydes,  ketones  and  esters 
on  the  molecular  refraction,  and  to  explain  the  greater  molecular  exaltations  shown  by  benzene  derivatives  he 
assumed  a  transition  from  the  neutral  conjugation  of  thedouble  bonds  in  the  benzene  ring  to  an  actual  con¬ 
jugated  system  with  participation  of  the  substituent  groups  as  a  function  of  their  degree  of  unsaturation.  The 
hydroxyl  group  gives  a  very  strong  increase  in  molecular  exaltation  when  it  is  inttoduced  into  a  benzene 
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Fig.  5.  1)  3,4 -dihydroxy acetophenone  in  ethanol 
2- 10  ■’-2-10 +  500  mol.  NaOCjHs,  2)3 .4 -di- 
hydroxyacetophenone  in  ethanor2‘  10"®  — 2*  10"® 

Mf  +  100  mol.  or  10  mol.  NaOCjHs,  3)  3,4 -dihydroxy - 
acetophenone  in  ethanol  2*  10"®-2-i0"®  M.+  1  mol. 
NaOC2H5,  4)  4-hydroxyacetophenone  in  ethanol  2*  10"® 
— 2"  10"®  M.  +  1000  mol.  NaOC2H5i  5)  3-hydroxyace- 
tophenone  in  ethanol  2- 10"®  -2*  10  ~®  M.  +  1000  mol. 
NaOCiHs. 


Fig.  6.  1)  3 -Methoxy -4-hydroxyacetophenone  in 
cong..  H2SO4  2*  10"® -2  •  10  ®  M.,  2)  3 -methoxy -4-hy¬ 
droxyacetophenone  in  9.5%  H2SO4  2*  10"® -2  •  10"®  M., 
3)  4-hydroxyacetophenone  in  63.8%  H2SO4  10"®  -2*  10" 
M.,  4)  3 -methoxyacetophenone  in  cone  H2SO4  10"® 
-10"^  M. 

derivative,  already  possessing  actual  conjugation,  like 
the  aromatic  aldehydes,  ketones  and  esters. 


Auwers  also  made  similar  molecular  refraction 
studies  for  the  aliphatic.  .  compounds  and  came 
to  the  conclusion  that  for  aromatic  compounds  there  exists  a  groupi  ng  of  ring  bonds  that  is  similar  to  the  sub¬ 
stituent  bonds.  Auwers  studied  the  isomeric  hydroxybenzaldehydes.  His  data  went  parallel  with  the  spectro- 
graphic  study  data  for  the  hydroxybenzaldehydes  and  were  used  by  N.  A.  Valyashko  [8]  in  studying  the  dihydroxy 
benzaldehydes,  and  later  together  with  coworkers  —  the  hydroxy-  and  dihydroxyacetophenones  for  the  purpose  of 
elucidating  the  spectrographic  study  results. 


TABLE  3 


Compound 

(In  Concentrated  Sulfuric  Acid,  d  1.84) 

<P- 

band 

-band 

\ 

e 

X 

c 

3  -Methoxy  -4  -hydroxy  acetophenone 

3500 

100000 

2350 

100000 

3,4-Dihydroxyacetophenone 

3400 

90000 

2370 

100000 

3  -Hydroxy  -4  -methoxyacetophenone 

3500 

45000 

2340 

20000 

According  to  Auwers,  in  actual  conjugations  the  hydroxyl  group,  entering  into  conjugation  with  the  double 
bonds  of  the  benzene  ring,  behaves  like  an  unsaturated  group  with  residual  affinities.  According  to  A.  N. 
Nesmeyanov  [9],  in  many  organic  compounds  the  aromatic  systems  behave  like  systems  of  conjugated  bonds, 
in  which  connection  the  unshared  pair  of  electrons  of  the  O,  N  andother  atoms  can  play  the  role  of  the  tr  -pair 
of  electrons  for  the  second  double  bond  of  the  conjugated  system. 

In  1938  N.  A.  Valyashko  and  M.  M.  Shcherbak  [10]  made  a  spectrographic  study  of  3-hydroxybenzaldehyde 
and  3,5-dihydroxybenzaldehyde,  while  N,  A.  Valyashko  and  A.  E.  Lutsky  [11]  made  a  similar  study  of  3-hydroxy- 
acetophenone  and  3,5-dihydroxyacetophenone.  The  spectrographic  study  data  of  these  authors  are  shown  in 
Table  4,  since  they  lead  to  some  important  conclusions. 
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TABLE  4  I 


Compound  (Solutions  in  Ethanol) 

^lllllllERQSiElllllillll 

^HESEBSElillllll 

mS8m 

€ 

e 

X 

e 

3-Hydroxybenzaldehyde  (10"®- 2- 10  ®  M. ) 

3180 

3500 

2550 

10000 

2220 

20000 

3,5-Dihydroxybenzaldehyde  (10”^-2-10~*  M.) 

3340 

3500 

2550 

10000 

2200 

15000 

3-Hydroxyacetophenone  (10"*  -2  -  10~®M.) 

3110 

4000 

2525 

9000 

2180 

20000 

3,5-Dihydroxyacetophenone  (lO"*  —2*  10~*  M.) 

3210 

4000 

2650 

8000 

2180 

20000 

A  comparison  of  the  absorption  spectra  of  3,5 -dihydroxy benzaldehyde  with  the  spectrum  of  3 -hydroxy - 
benzaldehyde  shows  tliat  their  spectra  are  very  similaj,  especially  in  the  region  of  the  and  bands,  and  that 
the  aj  band  of  3,5-dihydroxybenzaldehyde  is  shifted  towards  the  long  wavelengths  by  160  A. 

Tire  same  is  also  observed  when  the  absorption  spectra  of  the  3-hydroxy-  and  3,5-dihydroxyacetophenones 
are  compared.  Their  spectra  are  very  similar,  only  that  theoj  band  of  3,5 -dihydroxy acetophenone  is  shifted 
by  100  A  toward  the  long  wavelengths.  What  is  of  especial  importance  is  that  the  intensities  of  the  aj  bands 
are  the  same.  This  clearly  indicates  that  the  introduction  of  the  second  hydroxyl  group  fails  to  increase  the 
number  of  molecules  that  give  absorption  spectra.  From  this  ensues  the  important  conclusion  that  for  3,5 -di- 
hydroxyacetophenone  and  3,5-dihydroxybenzaldehyde  the  carbonyl  group  can  enter  into  conjugation  with  the 
benzene  ring  with  only  one  hydroxyl  group: 


But  since  both  of  the  hydroxyl  groups  are  equal  in  value,  then  it  is  necessary  to  assume  that  the  con¬ 
jugation  of  the  carbonyl  group  with  the  benzene  ring  and  with  the  hydroxyl  groups  in  the  3  and  5  positions  pro¬ 
ceeds  separately  to  the  same  degree.  The  transitions  from  the  first  structure  to  the  second  and  the  reverse 
reduce  the  vibration  frequencies,  and  the  absorption  in  the  region  of  the  ai  band  is  shifted  toward  the  long  wave¬ 
lengths  by  160  A  for  3,5-dihydroxybenzaldehyde,  and  by  100  A  for  3,5-dihydroxyacetophenone. 

Applying  the  absorption  spectrum  data  obtained  for  3,5-dihydroxyacetophenone  to  the  absorption  spectrum 
of  3,4 -dihydroxy acetophenone,  we  assume  that  in  this  molecule  also  there  occurs  separate  conjugation  of  the 
carbonyl  group  with  the  benzene  ring  and  with  one  of  the  two  hydroxyl  groups  —  either  in  position  3  or  4. 


m-conjugatioii  (1,3) 


p-conjugation(  1, 4) 


Based  on  energy  considerations  both  of  the  conjugations  are  quite  close  to  each  other:  1,3-,  95  kcaV  mol., 
1,4-,  106  kcal/mol.  (position  of  the  absorption  bands  X  3070  A  and  <p  X  2760  A) [12]. 

For  o-  and  p -substitution  of  chromophore  and  auxochrome  groups,  in  the  given  case  the  carbonyl  and 
hydroxy  groups,  conjugation  leads  to  o-  and  p-quinoid  structures.  Apparently,  the  conjugation  of  these  groups 
in  the  m -position  should  be  regarded  as  being  a  cross  conjugation  of  two  conjugated  systems  of  bonds,  as  is  shown 
in  the  presented  diagram  for  1,3 -conjugation.  Here  the  double  bond  is  found  in  conjugation  with  the  carbonyl 
group,  the  same  as  in  o -conjugation,  which  agrees  with  the  fact  that  the  specuum  of  the  m-derivative  coincides 
with  the  spectrum  of  the  o -substituted  derivative,  but  differs  somewhat  in  showing  a  lower  absorption  band 
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intensity.  This  phenomenon  of  two  conjugations  of  the  carbonyl  group  with  the  benzene  ting  and  with  one 
of  the  two  hydroxyl  groups  in  the  3  and  4  positions  is  retained  in  the  molecules  of  3,4 -dihydroxy acetophenone, 
3-methoxy-4-hydroxy-,  3-hydroxy-4-methoxy-  and  3,4 -dimethoxy acetophenones  in  different  solvents,  under 
the  influence  of  variable  amounts  of  sodium  alcoholates  in  the  formation  of  salts  and  when  dissolved  in  con¬ 
centrated  sulfuric  acid,  which  due  to  its  great  polarizing  influence  facilitates  especially  powerful  development 
of  1,4 -conjugation. 


S  UMMARY 

1.  The  3,4-dihydroxy-,  3-methoxy-4-hydroxy-,  3-hydroxy-4-methoxy-  and  3,4-dimethoxyacetophe- 
nones  were  synthesized  and  the  solution  absorption  spectra  of  these  compounds  were  studied  in  water,  ethanol, 
hexane  and  dichloroethane,  in  sodium  ethanolate  solutions  and  in  concentrated  sulfuric  acid. 

2.  The  absorption  spectra  in  the  ultraviolet  region  for  3,4-dihydroxyacetophenone  and  its  isomeric 
monomethyl  and  dimethyl  ethers  were  found  to  be  complex  and  corresponding  to  the  absorption  determined 
by  the  separate  conjugations  of  the  carbonyl  group  and  the  3-  and  4 -hydroxy  -  and  methoxy-  groups  with 
the  benzene  ring. 

3.  The  phenomenon  of  two  conjugations  of  the  1,3  and  1,4  type  is  quite  stable  and  is  retained  in  dif¬ 
ferent  solvents  in  the  presence  of  sodium  ethanolate  and  in  concentrated  sulfuric  acid  solution. 

4.  For  3,4-dihydroxyacetophenone  the  presence  of  a  hydrogen  bond  between  the  hydroxyl  groups  in 
the  3  and  4  positions  was  established. 
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DERIVATIVES  OF  4-HYDROXy-  AND  4  -  B  U  T  OX  Y  -  5 , 6 , 7 , 8  TETRAHYDRO- 
NAPHTHALENE -2-CARBOXYLlC  ACIDS 

S.  I.  Sergievskaya  and  E.  G.  Popova 


In  their  searches  for  new  anesthetic  agents  different  investigators  have  prepared  the  alkamino  esters  of 
hydroxy  and  alkoxy  acids  of  the  benzene  and  naphthalene  senes  [1-6];  among  the  compounds  prepired  here  the 
most  interesting  in  their  anesthetic  action  proved  to  be  the  alkamino  estets  of  some  of  the  acids  with  a  butoxy 
group  in  the  ring. 

The  alkamino  esters  of  hydroxy  and  alkoxy  acids  in  the  tetjahydronaphthalene  senes  have  not  been  known 
up  to  now.  In  this  paper  we  describe  the  4-butoxy-5,6 ,7,8-tet!ahy<lronaphthaiene-2"carboxylic  acid,  its  acid 
chloride  and  two  of  its  dialkylaminoalkyl  esters. 

The  hydrochlorides  of  the  alkamino  esters  of  4-buioxy-5,6,7,8-tet!ahydronaphthalene-2-ca!boxylic  acid 
are  crystalline  substances,  the  water  solutions  of  which  show  neutral  to  litmus. 

In  addition  to  the  above  mentioned  butoxy  acid  derivatives,  we  prepared  the  following  derivatives  of 
4-hydroxy-5,6,7,8-tetrahydronaphthalene-2-carboxylic  acid:  the  methyl,  ethyl  and  isoamyl  esters,  the  hyd^a- 
zide  and  the  acetyl  derivative. 

EXPERIMENTAL 

Methyl  ester  of  4-hydroxy-5,6,7,8-tetfahydronaphthalene-2~caiboxylic  acid.  12  g  of  hydroxy  acid  was 
dissolved  in  120  ml  methyl  alcohol,  6  ml  concentrated  sulfuric  acid  was  added  to  the  solution  which  was  then 
saturated  with  hydrogen  chloride  until  lO^  addition  in  weight  and  then  boiled  for  12  hours.  Methyl  alcohol 
was  driven  off  in  vacuum  and  the  residue  was  mixed  with  water;  the  precipitate  that  formed  was  washed  with 
water,  with  a  sodium  carbonate  solution,  and  again  with  water.  Yield  12.4  g  (967o).  The  product  was  rccrystal- 
lized  from  a  mixture  of  benzene  and  petioleum  ether.  It  was  colorless,  m.p.  127.5-128.5*,  soluble  in  methyl 
alcohol,  ethyl  acetate,  dichloroethane,  ether,  acetone,  and  with  hearing  —  in  benzene,  not  soluble  in  pe;roleam 
ether. 

Found  7o:  C  69.78;  H  6.70.  C12H14O3.  Calculated  <7o:  C  69.88;  H  6.84. 

4-Acetylhydroxy-5,6,7.8-tetr3hydronaphthalene-2-carboxvlic  acid.  A  mixture  of  1.4  g  hydroxy  acid  and 
0.83  g  of  acetic  anhydride  with  a  small  quantity  of  sulfuric  acid  was  heated  on  a  water  bath  for  4  hours;  re- 
crystallization  was  from  benzene.  The  product  was  a  colorless  substance,  m.p.  180-181*;  readily  soluble  in 
acetone,  ethyl  acetate  and  ethyl  alcohol. 

Found  7o:C  66.71;  H  5.99.  Ci,Hi404.  Calculated  7>:  C  66.65;  H  6.02. 

Methyl  ester  of  4-butoxy-5,6,7.8-tetrahydronaphthalene-2-caiboxylic  acid.  10  g  methyl  ester  of  the 
hydroxy  acid  was  dissolved  in  10  ml  methylethyl  ketone  with  hearing;  6.7  g  of  powdered  potash  and  9  g  of 
butyl  iodide  were  added  to  the  ;:olution  and  the  mixture  was  boiled  foi  10  hours  with  stiuing.  The  precipitate 
was  filtered  off  and  washed  with  methylethyl  ketone.  Methylethyl  ketone  was  driven  off  in  vacuum  from  the 
filtrate  on  a  boiling  water  bath.  The  residue  was  mixed  with  petroleum  ether  and  alter  cooling,  the  initial 
substance  —  the  methyl  ester  of  4-hydroxy-5,6,7,8'tetrahydronaphthalene-2-carboxylic  acid  (m.p.  125*,  1  g) 
crystallized  and  was  filtered  off.  Petroleum  ether  was  driven  off  from  the  filtrate  and  the  oily  residue  was 
mixed  with  a  small  quantity  of  methyl  alcohol  and  cooled;  crystallization  took  place  and  the  precipitate  which 
formed  was  filtered  off  and  washed  with  methyl  alcohol.  Yield  8g  (707o,  on  the  basis  initial  methyl  ester  taken 
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for  reaction).  The  methyl  ester  of  ar-4-butoxytet!ahydronaphthalene-2-carboxylic  acid  was  a  colorless  crystal¬ 
line  substance,  m.p.  49-50*  (from  methyl  alcohol),  readily  soluble  in  ether,  petroleum  ether,  ethyl  acetate, 
benzene,  acetone,  somewhat  less  soluble  in  methyl  and  ethyl  alcohols. 

Found  C  73.12;  H  8.20.  CigHjsPs.  Calculated  ”lo:  C  73.25;  H  8.45. 

4-Butoxv-5,6,7,8-tetrahydronaphthalene- 2- carboxylic  acid.  A  mixture  of  6g  of  methyl  ester  of  the 
butoxy  acid  and  11.5  ml  of  2  N  alcoholic  solution  of  caustic  potash  was  boiled  for  8  hours.  After  the  usual  treat¬ 
ment,  we  obtained  4.7  g  of  product.  After  recrystallization  from  a  mixture  of  petroleum  ether  and  benzene, 
it  was  a  colorless  substance,  m.p.  166-167*;  the  acid  was  soluble  in  methyl  and  ethyl  alcohols,  benzene,  ethyl 
acetate,  dichloroethane,  ether  and  difficultly  soluble  in  boiling  petroleum  ether. 

Found  <5*):  C  72.25;  H  8.13.  CjsHjjOj.  Calculated  *51):  C  72.55;  H  8.12. 

Chloride  of  4-butoxy-5,6,7,8-tetoahydronaphthalene-2-carboxylic  acid.  A  mixture  of  3.6  g  of  butoxy  acid 
and  9  g  thionyl  chloride  was  boiled  for  8  hours;  the  thionyl  chloride  was  driven  off  in  vacuum;  the  residue  was 
distilled,  b.p.  180-182*  at  5  mm.  Yield  3.2  g  (84*)b).  It  was  an  almost  colorless  substance,  m.p.  47.5  48.5*, 
soluble  in  ether,  benzene,  ethyl  acetate  and  petroleum  ether. 

Found  Cl  13.46.  CisHuO^Cl.  Calculated  Cl  13.29. 

6 -Diethylaminoethyl  ester  of  4-butoxy-5,6.7,8-tetrahydronaphthalene-2-carboxylic  acid  (hydrochloride). 
1.5  g  of  the  butoxy  acid  chloride  was  dissolved  in  1.5  ml  benzene  and  0.66  g  of  diethylaminoethanol  was 
gradually  added  with  stirring  and  the  reaction  mixture  was  then  boiled  for  30  minutes  with  stirring.  After  cool¬ 
ing,  the  precipitate  was  filtered  off,  washed  with  benzene  and  recrystallized  several  times  from  a  mixture  of 
ethyl  acetate  and  acetone.  It  was  a  colorless  substance,  m.p.  148.5-149.5*.  It  was  readily  soluble  in  ethyl 
alcohol,  soluble  in  acetone,  upon  heating  —  in  ethyl  acetate  and  benzene. and  insoluble  in  ether.  Its  solubility 
in  distilled  water  was  approximately  1 :  20  parts  (ester :  water). 

Found  C  65.63;  H  8.88;  N  3.75.  C^HmCSNCI.  Calculated  C  65.69;  H  8.92;  N  3.65. 

fl-Dimethylaminoethyl  ester  of  4-butoxy-5.6.7.8-tetrabydronaphthalepe-2-carboxylic  acid  (hydrochloride). 

It  was  prepared  by  the  same  method  used  for  the  preparation  of  the  8  -diethylaminoethyl  ester.  After  repeated 
crystallizations  from  a  mixture  of  ethyl  acetate  and  acetone  (2:1),  the  substance  melted  at  125-126*.  It  was 
soluble  in  ethyl  alcohol,  with  heating  —  in  benzene  and  ethyl  acetate.and  insoluble  in  petroleum  ether.  Its 
solubility  in  distilled  water  was  approximately  1 :  20. 

Found  C  64.23;  H  8.31;  N  3.93.  Ci,HmO^NC1.  Calculated  C  64.12;  H  8.50;  N  3.94. 

Ethyl  ester  of  4-hydroxv-5.6,7.8-tetrahydronaphthalene"2-carboxylic  acid.  3  g  of  the  hydroxy  acid  was 
dissolved  in  30  ml  of  anhydrous  ethyl  alcohol,  1.5  ml  of  concentrated  sulfunc  acid  was  added  and  the  reaction 
mixture  was  saturated  with  hydrogen  chloride  until  10^  weight  addition  and  then  boiled  for  10  hours.  Further 
treatment  was  the  same  for  the  preparation  of  the  methyl  ester.  Yield  3.2  g  (94‘5fc).  After  recrystallization 
from  a  mixture  of  petroleum  ether  and  dichloroethane,  the  product  was  a  colorless  substance,  m.p.  110-111*. 

It  was  soluble  in  methyl  alcohol,  ether,  benzene,  dichloroethane  and  insoluble  in  petroleum  ether. 

Found  <%:  C  71.03;  H  7.25.  CijHupj.  Calculated  %:  C  70.88;  H  7.32. 

Hydrazide  of  4-hydroxy-5.6,7,8-tetrahydronaphthalene-2-carboxylic  acid.  2.8  g  of  ethyl  ester  of  the 
hydroxy  acid  was  dissolved  upon  heating  in  1.5  ml  of  anhydrous  ethyl  alcohol,  1.5  g  of  hydrazine  hydrate  was 
added  and  the  reaction  mixture  was  heated  over  a  boiling  water  bath  for  7  hours.  Yield  1.9  g  (72^)  of  product. 
After  recrystallization  from  a  mixture  of  ethyl  alcohol  and  petroleum  ether,  it  was  a  colorless  substance  which 
melted  at  211-213*.  It  was  soluble  with  heating  in  methyl  and  ethyl  alcohols,  insoluble  in  petroleum  ether 
and  benzene,  and  difficultly  soluble  with  heating  in  water. 

Found  •%'.  N  13.72.  CaHMO^Nj.  Calculated  N  13.58. 

Isoamyl  ester  of  4-hydroxy-5.6,7.8-tetrahydronaphthalene-2-carboxylic  acid.  A  mixture  of  3  g  of  the 
hydroxy  acid,  30  ml  isoamyl  alcohol  and  1.5  ml  concentrated  sulfuric  acid  was  boiled  for  6  hours.  After  suit¬ 
able  treatment,  the  product  was  distilled,  boiled  at  206-208*  (4  mm)  and  slowly  crystallized  upon  cooling.  It 
was  a  faintly  yellowish  substance  which  melted  at  57-59*.  It  was  readily  soluble  in  ordinary  organic  solvents. 

Found  <%■.  C  72.93;  H  8.14.  CuHbO^.  Calculated  <%:  C  73.25;  H  8.45. 
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SUMMARY 


4-Butoxy-5,6.7,8-tetrahydronaphthalene-2-carboxylic  acid  and  some  of  its  alkylaminoalkyl  esters  and 
other  derivatives  were  prepared,  and  also  some  derivatives  of  4-hydroxy-5,6.7,8-tetrahydronaphthalene-2- 
carboxylic  acid. 
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MECHANISM  FOR  THE  CLEAVAGE  OF  A  RY  L  SU  LF  ON  Y  L  G  L  Y  Cl  N  E  S  AND  THEIR 

N-DERIVATIVES 

L.  N.  Nikolenko  and  V.  A.  Koptyug 


Earlier  one  of  us  had  established  [1]  that  the  heating  of  arylsulfonylglycines  and  their  N- derivatives  with 
aqueous  ammonia  leads  to  the  formation  of  thiophenols,  carbon  dioxide  and  amines  in  accord  with  the  equation; 

ArSOiNRCHjCOOH  — *■  ArSH  +  RNHj  +  2CO2.  (I) 

Further  studies  of  this  reaction  [2]  revealed  that  the  methyl  ethers  of  thiophenols  ate  formed  if  the  am¬ 
monia  is  replaced  by  methylamine.  The  thio  ethers  are  formed  as  the  result  of  the  secondary  reaction: 

ArSH  +  CH3NH2  — »•  ArSCHj  +  NH,.  (D) 

We  postulated  that  the  first  intermediate  product  in  Reaction  (I)  is  the  sulfinate  ion,  formed  in  the  rupture 
of  the  arylsulfonylglycine  molecule  at  the  S—N  bond.  A  similar  viewpoint  was  expressed  by  Wiley  and  Smith, 
who  observed  the  formation  of  diphenyl  disulfide  and  carbon  dioxide  in  the  decarboxylation  of  a-(benzene- 
sulfamino)propionic  acid  in  pyridine  in  the  presence  of  acetic  anhydride  [3]. 

Taking  into  consideration  the  stability  of  the  sulfinate  ion  in  strongly  alkaline  medium,  we  decided  to 
study  the  reaction  of  the  arylsulfonylglycines  with  caustic  alkalies.  It  was  revealed  that  when  the  arylsulfonyl¬ 
glycines  are  heated  up  to  240*  with  0.5  N  sodium  hydroxide  solution  that  they  actually  do  suffer  cleavage  with 
the  formation  of  arylsulfinic  acids,  which  we  isolated  either  in  the  free  form  or,  using  the  method  of  Thomas 
[4],  as  the  iron  salt.  In  addition,  ammonia  (methylamine  in  the  case  of  p-toluenesulfonylsarcosine)  and  oxalic 
acid  were  isolated  from  the  reaction  mixture. 

This  makes  it  possible  to  assert  that  the  cleavage  of  arylsulfonylglycines  in  alkaline  medium  proceeds 
through  the  stage  of  forming  the  sulfinic  acid  ion; 

+ 

ArSO^-NR-GHjCOO - *•  ArSOj"  +  RNCHjCOO-  (III) 

RNCH2COO-— H?;.  RN=CHCOO-'*^  ^29.  RNH2  +  0=  CHCOO-.  (IV) 

"  H 

As  is  known  [5],  glyoxylic  acid  when  heated  with  alkalies  gives  glycolic  and  oxalic  acids: 

COOH 

20=  CHCOOH  +  H2O  — ►  CH2(0H)-C00H+  I  (V) 

COOH 

There  is  no  basis  to  assume  that  the  reaction  for  the  cleavage  of  arylsulfonylglycines  with  either  am¬ 
monia  or  methylamine  proceeds  by  a  different  scheme;  however,  in  this  case  the  sulfinic  acid  is  reduced  by  the 
glyoxylic  acid,  its  imide,  or  by  oxalic  acid: 

ArS02H+  NH=CHCOOH  — ►  ArSH  +  NI^  +  2CO2,  (VI) 

or 

COOH 

ArS02H+  2  I  — ►  ArSH  +  4CO2  +  2H2O.  (VII) 

COOH 
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Together  with  this  reaction,  in  ammonia  solution  the  sulfinic  acid  suffer*  partial  disproportionation: 


SArSO^H  — ►  ArSH  +  2AtSOjH,  (VIH) 

SArSO^H  — ♦  ArSSAr  +  3ArSp,H  +  H,0.  (IX) 

Actually,  we  estabhshed  that  the  heating  of  benzenesulfinic  acid  with  aqueous  ammonia  solution  at 
240*  gives  a  mixture  of  diphenvl  disulfide  and  thiophenol,  in  an  amount  not  exceeding  the  yield  obtained  by 
the  above  indicated  Reactions  (VIII)  and  (IX) 

When  benzenesulfinic  acid  is  heated  with  oxalic  acid  and  ammonia  solution  under  these  conditions  the 
sulfinic  acid  suffers  reduction,  and  the  yield  of  diphenyl  disulfide  reaches  71%. 

EXPERIMENTAL 

Experiment  1.  A  solution  of  4  g  benzenesulfonylglycine  in  120  ml  0.5  N  caustic  soda  was  heated  in  a 
sealed  tube  for  6  hours  at  240*.  After  the  silicic  acid  was  separated  off,  the  filtrate  was  divided  into  two  equal 
portions.  In  the  first  half  of  the  filtrate,  the  ammonia  content  was  determined  by  distillation,  upon  addition 
of  concentrated  alkali,  into  a  0.5  N  solution  of  sulfuric  acid.  We  found  0.136  g  (86%)  ammonia.  From  the 
residue,  after  the  ammonia  was  driven  off,  treatment  with  ferric  chloride  in  hydrochloric  acid  solution  yielded 
0.96  g  (65%)  ferric  salt  of  benzenesulfinic  acid  (68%  in  another  experiment). 

For  purposes  of  identification,  the  ferric  salt  (0.39  g)  was  decomposed  with  ammonia,  the  ferric  hydroxide 
was  filtered  off  and  the  filtrate  was  acidified  with  hydrochloric  acid  and  extracted  widi  ether.  When  hydrazine 
hydrate  was  added  to  the  ediereal  solution,  the  hydrazine  salt  of  benzenesulfinic  acid  separated  out  (0.36  g,  94%) 
in  the  form  of  white  flakes,  m.p.  127.5*  (with  decomp.). 

Found  %:  N  9.01,  8.85.  CuHuO^N^.  Calculated  %:  N  8.96. 

The  literature  data  [6]  gave  m.p.  139-141*.  In  order  to  ascertain  the  melting  point  of  the  hydrazine 
salt  of  benzenesulfinic  acid,  we  prepared  the  latter  from  hydrazine  hydrate  and  benzenesulfonlc  acid.  It 
melted  at  128*. 

Found  %:  C  45.78,  45.71;  H  4.81,  4.99;  N  9.09,  9.01.  CuHu04N,S,.  Calculated  %:  C  45.55;  H  5.09; 

N  8.86. 

A  test  mixture  of  the  hydrazine  salts  of  benzenesulfinic  acid  gave  no  melting  point  depression. 

When  the  second  half  of  the  reaction  liquor  was  treated  with  a  solution  of  calcium  acetate,  0.63  g  (92%) 
calcium  oxalate  separated  out.  The  crystalline  oxalic  acid  which  was  obtained  from  the  prepared  oxalate 
melted  at  101-102*.  A  mixing  test  with  oxalic  acid  (m.p.  100*)  gave  no  melting  point  depression. 

Experiment  2.  2  g  of  p-toluenesulfonylsarcosine  was  heated  in  a  sealed  tube  for  6  hours  at  240*  with 
60  ml  0.5  N  caustic  soda  solution.  The  reaction  mass  was  filtered  and  the  filtrate  was  divided  into  two  equal 
parts.  Upon  acidification  of  half  of  the  filtrate,  we  isolated  0.55  g  of  p-toluenesulfinic  acid,  m.p.  83-84*. 

The  literature  data  [7]  give  m.p.  85*.  The  aniline  salt  of  p-toluenesulfinic  acid  melted  at  116-117*.  A  mix¬ 
ture  test  with  the  aniline  salt  of  p-toluenesulfinic  acid  (m.p.  118*)  gave  no  melting  point  de{»ession. 

From  the  second  half  of  the  filtrate,  upon  driving  off  the  methylamine  into  a  solution  of  hydrochloric 
acid  and  subsequent  concentration  of  the  solution,  we  isolated  0.18  g  (66%)  methylamine  hydrochloride,  m.p. 
226-228*  (from  absolute  alcohol).  A  test  mixture  with  methylamine  hydrochloride  (m.p.  225-226*)  gave  no 
melting  point  depression. 

Experiment  3.  A  mixture  of  2  g  benzenesulfinic  acid,  1.5  g  oxalic  acid  and  20  ml  of  6%  ammonia  was 
heated  in  a  sealed  tube  for  6  hours  at  240*.  After  opening  the  tube,  the  reaction  mixture  was  oxidized  by 
having  air  blown  through  it.  We  isolated  0.91  g  (71.5%)  diphenyldisulfide,  m.p.  55-57*.  A  text  mixture  with 
diphenyldisulfide  (m.p.  58-59*)  gave  no  melting  point  depression. 

SUMMARY 

The  mechanism  for  the  cleavage  of  arylsulfonylglycines  and  their  N -derivatives  when  heated  in  alkaline 
medium  was  established.  Under  the  influence  of  0.5  N  sodium  hydroxide  solution  the  arylsulfonylglycines  are 
cleaved  with  the  formation  of  the  sulfinic  acid,  ammonia  (or  amine)  and  glyoxylic  acid.  Under  conditions  of 

i  1  .  ■ 
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lower  alkalinity  (ammonia)  the  sulfinic  acid  is  reduced  by  the  glyoxylic  acid  and  its  transformation  products 
into  aromatic  disulfides  and  mercaptans. 
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THE  CHEMISTRY  OF  HETEROCYCLES* 

XXIII.  THE  SYNTHESIS  OF  9-PHENYLACRIDINE  BASED  ON  2-AMINOTRIPHENYLCARBINOL 
AND  THE  MECHANISM  OF  THIS  TRANSFORMATION 

P.  A.  Petyunin,  N,  G.  Panferova  and  M.  E.  Konshin 

i 

I 

The  9-phenylacridine  derivatives  have  found  extensive  use  as  dyestuffs  [1].  9-Phenylacridine  itself  is  I 

used  for  the  protection  of  aluminum  from  the  corrosion  caused  by  weak  hydrochloric  acid  [2],  9-Phenylacri- 
dine  is  usually  obtained  by  heating  diphenylamine  with  benzoic  acid  in  the  presence  of  zinc  chloride  [3].  How¬ 
ever,  this  method  proves  to  be  inconvenient  when  the  reaction  is  run  with  diphenylamine  derivatives  that  have 
meta -substituents,  since  in  this  case  a  mixture  of  isomers  is  obtained.  Organomagnesium  and  organolithium 
compounds  have  been  used  to  obtain  9-phenylacridine  and  its  derivatives  [4].  Because  of  the  low  yields  or  the 
difficult  availability  of  the  starting  materials  the  organometal  synthesis  method  has  failed  to  receive  extensive 
use. 

The  limitations  of  the  above  rhentioned  methods  can  be  overcome  by  developing  new  methods  for  the  pre^ 
paration  of  9-phenylacridine  and  its  derivatives.  Baeyer  and  Villiger  [5]  found  that  the  heating  of  2-aminotri- 
phenylcarbinol  above  its  melting  point  gives  a  hard  tarry  mass,  from  which  9-phenylacridine  was  isolated.  The 
latter  was  also  obtained  by  them  by  heating  (at  100*)  the  picrate  of  2-aminotriphenylcarbinol  in  a  hydrogen 
atmosphere  to  constant  weight,  with  subsequent  recrystallization  of  the  obtained  product  from  pyridine. 

In  both  cases  the  yields  of  9-phenylacridine  were  not  indicated,  and  consequently  the  performed  experi¬ 
ments  bear  a  qualitative  character. 

The  objectives  of  the  present  study  were  to  develop  a  synthesis  method  for  the  preparation  of  9-phenyl¬ 
acridine,  based  on  2-aminotriphenylcarbinol,  and  to  consider  the  mechanism  of  this  transformation.  It  is  known 
that  triphenylcarbinol  contains  a  labile  hydroxyl  group  and  easily  reacts  widi  acids  [6]  and  with  malonic  ester 
[7].  The  mobility  of  the  hydroxyl  group  is  raised  considerably  if  electron -donor  substituents  are  introduced  into 
the  phenyl  radicals.  Thus,  the  free  crystal  violet  base  condenses  easily  with  aliphatic  aldehydes  and  nitro 
compounds  [8],  4,4' -tetramethyldiaminotriphenylcarbinol  condenses  with  1 -phenyl-3 -methyl-5 -pyrazolone  [9], 
etc. 

Taking  into  consideration  the  presence  of  an  extremely  labile  hydroxyl  group  in  triphenylcarbinol  and  its 
derivatives,  the  mechanism  for  the  transformation  of  2-aminotriphenylcarbinol  (I)  into  9-phenylacridine  (II) 
can  be  depicted  as  follows; 


*  The  previous  communications  were  published  under  the  title  of  "N-Arylamides  of  Hydroxy  Carboxylic 
Acids  and  Their  Transformation  Into  Heterocyclic  Compounds". 
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TABLE  1 


TABLE  2 


Time  of  heating  (minutes) 

Yield  (%) 

Amount  of  nitrobenzene  (ml.) 

.  Yield  (%) 

120 

86.30 

10 

'  87.37 

60 

97.08 

5 

94.90 

30 

94.90 

1 

;  93.85 

10 

5 

90.60 

87.37 

Remarks:  The  experiments  were  run  with 

1  g  of  2-aminotriphenylcatbinol:  the  time 

Remarks;  In  all  cases  the  experiments  were  run  with  1  g  of  heating  vfas  5  minutes, 

of  2-aminottiphenylcarbinol  in  10  ml  of  nitrobenzene. 

A  small  amount  of  tar  was  formed  when  the  reaction  mass  If  the  representations  that  the  ionic  mech 

was  heated  for  2  hours.  anism  {arevails  for  the  indicated  reaction  are 

correct,  then  it  can  be  expected  that  closure 

of  the  acridine  ring  in  2-aminotriphenylcarbinol  can  also  be  effected  by  running  the  experiments  in  polar 
solvents,  since  it  it  known  that  triphenylcarbinol  derivatives  suffer  dissociation  in  the  latter  [10].  Oir  experi  - 
ments  confirmed  this  postulation.  Both  nitrobenzene  and  chlorobenzene  were  used  as  reaction  media,  in  which 
connection  the  best  results  were  obtained  when  the  experiments  were  run  in  nitrobenzene. 

The  influence  of  the  time  of  heating  (Table  1)  and  the  amount  of  nitrobenzene  (Table  2)  on  the  yield 
of  9-phenylacridine  was  studied. 

From  the  {vesented  data  it  can  be  seen  that  to  complete  the  reaction  and  obtain  high  yields  of  9-phenyl¬ 
acridine  it  is  sufficient  to  heat  the  reaction  mass  for  5  minutes  and  to  use  a  nitrobenzene  to  2-aminotriphenyl- 
carbinol  ratio  of  1 : 1. 

In  chlorobenzene  an  appreciable  amount  of  9-phenylacridine  is  formed  only  after  the  reaction  mass  is 
heated  for  5  hours.  This  is  probably  due  to  the  fact  that  2-aminotriphenylcarbinol  shows  very  slight  dissocia¬ 
tion  in  chlorobenzene.  It  was  shown  experimentally  that  the  transformation  rate  of  2-aminotriphenylcarbinol 
in  chlorobenzene  can  be  accelerated  by  the  addition  of  m -dinitrobenzene.  Thus,  when  1  g  of  2-aminotri¬ 
phenylcarbinol  and  1.8  g  of  m -dinitrobenzene  are  heated  in  3  ml  of  chlorobenzene  for  1  hour  the  yield  of 
9-phenylacridine  is  93.85<^ 


EXPERIMENTAL 

A  solution  of  1  g  2-aminotriphenylcarbinol  in  1  ml  nitrobenzene  was  boiled  for  5  minutes  on  a  sand 
bath.  After  cooling  15  ml  10<^  hydrochloric  acid  was  added  and  the  nitrobenzene  was  steam -distilled  off. 

10%  caustic  soda  solution  was  added  until  the  solution  became  alkaline  and  9-phenylacridine  separated  out. 

It  was  in  the  form  of  needles  (from  alcohol)  with  m.p.  184-185.5*;  the  picrate  melted  at  227-228*.  The 
literature  data  for  9-phenylacridine  give  its  melting  point  as  184*  [5];  the  picrate  had  m.p.  227.7*  [11]. 

Yield  of  [woduct  0.87  g  (93.85%). 

SUMMARY 

Based  on  2-aminotriphenylcarbinol,  a  preparative  method  for  obtaining  9-phenylacridine  was  developed 
and  the  mechanism  of  this  transformation  was  considered. 
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Tl-in  ACTION  OF  a  H  Y  D  A  OC  li  1-OA  IC  ACID  SOLUTION  OF  IODINE  CHLORIDE 


WITH  BARBITURIC  ACID  DERIVATIVES 
II.  BARBITURATES  CONTAINING  A  CYCLOHEXENYL  GROUP 
L.  I.  Rapaport 


We  failed  to  find  any  information  in  the  literature  on  the  reactions  of  a  hydrochloric  acid  solution  of 
iodine  chloride  with  barbiturates  that  contain  a  cyclohexenyl  group  in  their  molecule.  Some  {»eliminary 
experiments  revealed  that  when  a  O.IN  hydrochloric  acid  solution  of  iodine  chloride  is  added  to  a  17o  water 
solution  of  the  sodium  salt  of  either  phanodorm*  or  evipan**  that  the  liquid  gradually  turns  red  and  a  strong 
iodine  odor  is  released. 

When  phanodorm  is  treated  with  an  excess  of  the  hydrochloric  acid  solution  of  iodine  chloride  a  copious  pre 
cipitate  is  obtained  in  addition  to  the  formation  of  iodine.  After  recrystallization  from  alcohol  a  white 
crystalline  powder  was  obtained,  becoming  rose -colored  on  standing,  which  was  very  slightly  soluble  in  water 
and  was  soluble  in  alcohol  and  chloroform;  when  heated  to  168-171"  it  decomposes  with  the  evolution  of 
iodine  vapors.  Boiling  of  the  obtained  substance  with  alcoholic  KOH  solution,  followed  by  acidification  of  the 
liquid  with  nitric  acid  and  the  addition  of  AgNOs,  gives  a  precipitate  of  silver  iodide.  The  presence  of  silver 
chloride  in  the  precipitate  could  not  be  shown.  Hydrolysis  takes  place  under  the  influence  of  dilute  mineral 
acids  and  iodine  is  cleaved.  On  the  basis  of  the  iodine  content  in  the  obtained  substance  and  taking  into 
consideration  the  literature  data  on  the  hydrolysis  of  the  primary  products  of  iodine  chloride  addition  to  un- 
saturated  organic  compounds  [1-3],  we  postulated  that  the  substance  obtained  by  us  is  the  iodohydrin  of 
phanodorm,  formed  as  the  result  of  the  hydrolysis  of  the  iodochloride  derivative.  The  liberation  of  iodine, 
observed  when  ICl  is  reacted  with  phanodorm  in  hydrochloric  acid  medium,  can  be  explained  as  being  due 
to  the  cleavage  of  HI  when  the  iodohydrin  is  hydrolyzed  further,  which  is  then  oxidized  by  the  iodine  chloride. 
The  hydrolysis  rate  for  the  iodohydrin  increases  with  temperature  elevation. 

It  is  possible  that  the  dihydroxy  derivative  of  phanodorm  formed  in  this  manner  in  comparatively  small 
amounts  is  soluble  in  water,  which  permitted  us  to  obtain  the  precipitated  phanodorm  iodohydrin  in  fairly 
pure  form. 


On  the  basis  of  these  data  we  postulate  that  the  reaction  of  phanodorm  with  a  hydrochloric  acid  solution 
of  ICl  proceeds  in  accord  with  the  following  equations: 


ICl 


C=sR 
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(!) 


O^c, 
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HI  +  ICl 


—  HCI 
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C»R 
OH 
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/'N 
H  OH 
(IV) 


HJ 


HCI  +  4. 


(1) 


(2) 


•  5,5 -Ethylcyclohexenylbarbituric  acid.  (Chemical  Abstracts  gives  phanodorn  for  5-cyclohexen-l -yl-5-ethyl 
barbituric  acid  -  Publisher.) 

*  *  5,5-Methylcyclohexenyl-N-methylbarbituric  acid. 


The  addition  product  (II)  of  iodine  chloride  to  the  cyclohexenyl  double  bond,  being  hydrolyzed  in  hydro¬ 
chloric  acid  medium,  first  cleaves  chlraine  (as  HCl)  to  form  the  iodohydrin  (III);  then,  but  at  a  slower  rate, 
iodine  is  cleaved  and  the  iodohydrin  is  converted  into  the  already  mentioned  dihydroxy  derivative  (IV).  The 
hydriodic  acid  that  is  formed  here  reacts  with  the  excess  ICl,  as  a  result  of  which  iodine  is  liberated. 

The  balance  for  the  reaction  between  phanodorm  and  a  hydrochloric  acid  solution  of  iodine  chloride 
confirmed  our  derived  equations. 

The  experiments  made  on  the  isolation  of  evipan  iodohydrin  in  pure  form  failed  to  give  positive  results, 
which  should  be  explained  as  being  due  to  the  rapid  hydrolysis  of  the  latter  at  temperatures  even  as  low  as 
0-5*. 

EXPERIMENTAL 

Preparation  of  phanodorm  iodohydrin.  0.4  g  phanodorm  was  dissolved  in  20  ml  0.1  N  NaOH  solution 
and  to  this  solution  we  added  80  ml  0.1  N  hydrochloric  acid  solution  of  iodine  chloride  (2.35  moles  ICl  to  1 
mole  of  barbiturate).  A  yellowish  precipitate  came  down,was  filtered  off  and  washed  with  water  until  the 
filtrate  gave  a  neutral  reaction.  The  compound  was  purified  by  being  shaken  in  alcoholic  solution  with 
activated  carbon.  The  solvent  was  evaporated  off  at  room  temperature  and  the  resulting  precipitate  was 
dried  in  a  vacuum -desiccator.  The  iodine  content  was  determined  by  titration  (Volhard)  after  preliminary 
boiling  of  the  compound  with  alcoholic  solution  of  caustic  potash. 

Found  I  33.4,  33.2.  Ci2Hi704NiI.  Calculated  I  33.38. 

Balance  of  the  reaction  between  phanodorm  and  hydrochloric  acid  solution  of  iodine  chloride.  0.3054 
g  weighed  out  phanodorm  was.  dissolved  in  15  ml  0.1  N  NaOH  solution  and  to  this  was  added  60  ml  0.1  N  ICl 
solution  and  the  mixture  was  set  aside  for  15  minutes. 

a)  The  quantity  of  iodine  which  separated  out  was  determined  by  extraction  of  the  latter  with  chloro¬ 
form  and  titration  with  0.1  N  NafS^Oj  solution,  of~which  4.70  ml  was  consumed. 

b)  After  titration  with  Na2SjPs  solution,  the  chloroform  extract  was  washed  with  water  until  a  negative 
reaction  for  iodine  ion  was  obtained,  water  was  then  removed  with  calcined  sodium  sulfate  and  the  chloroform 
was  steamed  off  at  40-50*.  After  removal  of  the  solvent,  the  residue  was  in  the  form  of  a  white  powder  with 

a  faint  yellowish  tint.  By  iodine  content,  and  by  its  behavior  with  solvents  and  heating  it  proved  identical  to 
the  previously  prepared  phanodorm  iodohydrin. 

0.3054  g  phanodorm  yielded  0.3448  g  of  phanodorm  iodohydrin,  C12H17O4N2I.  Calculated  yield  0.4918  g. 

c)  Quantity  of  hydrolyzed  phanodorm  iodohydrin:  as  stated  above,  the  quantity  of  iodine  that  separated 
out  corresponded  to  4.7  ml  of  0.1  N  solution;  therefore,  the  quantity  of  HI  that  reacted  with  iodine  chloride 

as  per  Equation  (2),  was  equivalent  to  2.35  ml  of  0.1  N  solution.  From  these  data,  we  calculated  the  quantity 
of  hydrolyzed  phanodorm  iodohydrin*,  which  proved  to  be  0.0893  g. 

Thus,  the  total  quantity  of  phanodorm  iodohydrin,  0.3448  +  0.0893  =  0.4341  g,  amounted  to  88.3‘5(»  of 
the  amount  calculated  (0.4918  g)  for  the  given  weighed  portion  of  phanodorm. 

d)  The  quantity  of  excess  iodine  chloride  *•  in  the  aqueous  liquid  remaining  after  the  chloroform  ex¬ 
traction  of  iodine,  was  determined  by  adding  potassium  iodide  to  the  liquid  and  then  titrating  the  iodine 
(ICl  +  KI  =  KCl  +  I2)  with  0.1  N  solution  of  Na2S202.  We  thus  determined  that  the  quantity  of  ICl  that  was 
consumed  by  reaction  with  0.3054  g  of  phanodorm  was  equivalent  to  27.9  ml  of  0.1  N  Na2S203  solution. 

However,  we  must  also  allow  for  that  quantity  of  ICl  which  reacted  with  hydriodic  acid  as  per  Equa¬ 
tion  (2),  that  is,  4.7  ml  of  0.1  N  solution.  Hence,  23.2  ml  of  0.1  N  ICl  was  consumed  strictly  in  reaction 
with  phanodorm  and  amounted  to  89.0‘5fc  of  the  theoretical  amount  calculated  (25.9  ml)  as  per  Equation  (1). 

e)  The  concentration  of  HCl  in  the  liquid  obtained  after  the  iodine  chloride  had  been  titrated,  was 
determined  by  titration  with  an  alkaline  solution  (the  indicator  was  methyl  orange).  The  difference  between 


•  1  ml  of  0.1  N  solution  of  HI  corresponds  to  0.0380  g  phanodorm  iodohydrin. 

•  *  The  chloroform  extracted  only  an  insignificant  amount  of  ICl  from  the  hydrogen  chloride  solution. 
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the  number  of  milliliters  of  0.1  N  alkaline  solution  needed  to  titrate  the  same  volume  of  reagent  before  and 
after  reaction  with  phanodorm  indicated  the  quantity  of  HCl  that  evolved  during  the  reaction  as  per  Equa¬ 
tions  (1)  and  (2).  • 

For  a  0.3054  g  weight  of  phanodorm,  this  quantity  amounted  to  13.6  ml  of  0.1  N  solution.  The  amount 
calculated  was  27.9;  2  =  13.95,  that  is,  the  amount  of  HCl  found  was  97.5‘^of  that  calculated. 

SUMMARY 

1.  The  reaction  of  a  hydrochloric  acid  solution  of  iodine  chloride  with  barbituric  acid  derivatives, 
containing  the  cyclohexenyl  group,  was  studied. 

2.  Opinions  were  expressed  as  to  the  nature  of  the  reactions  that  take  place  here,  consisting  in  the 
addition  of  ICl  to  the  double  bond  of  the  cyclohexenyl  group  and  in  the  subsequent  hydrolysis  of  the  iodo- 
chloride  derivative,  accompanied  by  the  cleavage  of  first  chlorine,  and  then  of  iodine,  asi  HCl  and  HI. 
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•  It  is  necessary  to  discount,  at  this  point,  the  number  of  milliliters  of  alkaline  solution  necessary  to  dissolve 
the  weired  portion  of  phanodorm. 
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THE  MECHANISM  OF  THE  ARBUZOV  REARRANGEMENT 

II.  REACTION  OF  a,6 -DIBROMOETHYL  AND  a  .6 -DICHLOROETHYL  ISOPROPYL  AND 
a.B-DIBROMOETHYL  AND  a, 6 -DICHLOROETHYL  BUTYL  ETHERS  WITH  PHOSPHITES 

V.  S.  Abramov  and  A.  P.  Pekhman 


Earlier  [1,2]  we  had  described  studying  the  reaction  of  a,6 -dibromodiethyl  ether  with  phosphites,  as  a 
result  of  which  we  came  to  the  conclusion  that  the  Arbuzov  rearrangement  with  aliphatic  phosphites  proceeds 
in  two  separately  independent  stages.  Although  the  intermediate  product,  formed  as  the  result  of  the  a, fl -di¬ 
bromodiethyl  ether  adding  to  the  phosphite,  was  not  isolated  in  chemically  pure  form,  still  its  presence  was  con¬ 
clusively  proven  on  the  basis  of  physical  constants  and  transformations. 

In  this  communication  we  describe  our  study  of  the  reaction  of  the  a,6 -dibromoethyl  isopropyl  (I)  and 
a  ,B -dibro methyl  butyl  (II)  ethers  with  the  ethyl  (III)  and  butyl  (IV)  esters  of  phosphorous  acid.  In  these  cases 
also  the  Arbuzov  rearrangement  reaction  proceeds  in  two  separately  independent  stages  with  the  formation  of 
the  intermediate  addition  product,  which  on  heating  cleaves  either  propyl  bromide  or  butyl  bromide,  respectively 
and  is  converted  into  either  the  ethyl  or  butyl  ester  of  the  a -alkoxy-6 -bromoethylphosphinic  acid  by  the  sbheme: 


Br 

/  - 

(ROLP  +  CH,Br-CHBrOR'  — »  (RO),P— CH— CH.Br, 

OR' 

(ROk  OR' 

%_CH-CH,Br  — >  (RO),P-CH-CH,Br  +  RBr, 

]^0  ^  U' 


(I) 


(2) 


where  R  =  CjHg  and  C4H9,  R’  =  iso-C3H7  and  C4H9. 

A  considerable  change  in  the  light  refraction  index  and  specific  gravity  in  three  to  four 
days,  as  can  be  seen  from  Table  1,  indicates  formation  of  the  intermediate  addition  product.  The  dynamics  of 
the  changes  in  the  constants  is  similar  to  that  described  earlier  [2].  The  almost  complete  disappearance  of  the 
odor  of  the  starting  substances  also  indicates  that  reaction  is  taking  place. 

We  also  studied  the  reaction  of  the  a,l3 -dichloroethyl  isopropyl  (V)  and  a,6-dichloroethyl  butyl  (VI)  ethers 
with  the  ethyl  and  butyl  esters  of  phosphorous  acid.  The  reaction  of  the  phosphites  with  the  o,fi  -dichloroethyl 
alkyl  ethers  also  probably  proceeds  with  the  formation  of  the  intermediate  addition  product,  capable  of  decom¬ 
posing  into  the  alkyl  halide  and  the  ester  of  the  a  -alkoxy-6 -chloroethylphosphinic  acid  when  heated,  which 
is  also  confirmed  by  thtf  change  in  the  physical  constants  of  the  reaction  products  of  the  phosphites  with  the 
a, 8  -dichloroethyl  alkyl  ethers,  shown  in  Table  1.  The  reaction  with  the  dichloro  ethers  proceeds  at  a  slower 
rate  and,  possibly,  fails  to  go  to  completion. 

The  intermediate  addition  products  of  the  a, 6 -dibromoethyl  alkyl  ethers  with  the  phosphites  were  sub¬ 
jected  to  thermal  decomposition  in  accord  with  the  second  stage  of  the  Arbuzov  rearrangement.  From  the 
decompositions  were  obtained  the  alkyl  bromides  and  the  esters  of  the  a-alkoxy-6 -bromoethylphosphinic  acids, 
the  constants  of  which  are  given  in  Table  2. 
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TABLE  1 


The  reaction  products  of  the  a,6 -dichloroethyl 

„  ^  r  L  ^  ....  alkyl  ethers  with  the  phosphites  were  also  subjected  to 

Chance  in  the  Physical  Constants  of  the  Reaction  Mix- 

.  ,  therinal  decomposition.  From  these  decompositions 

tures  with  Time  *  * 

were  obtained  the  corresponding  alkyl  chlorides  and 

- - - f— - — - - — -  the  esters  of  the  a -alkoxy-6 -chloroethylphosphinic 

Reactants  Constants  After  Equilibrium  ,  /  r  r 

, ^  acids,  the  constants  of  which  are  oiven  in  Table  3. 

Mixing  Constants _ 

nj^  d4  lip  df*  When  the  addition  products  of  the  a,6 -dihaloethyl 

alkyl  ethers  with  the  phosphites  are  reacted  with 

1-1- III .  1.4510  1.2509  1.4430  1.2%9  alcohols  the  corresponding  alkyl  halides,  alcohols  and 

.  1.4600  1.2443  1.4520  1.2707  o -alkoxy-6 -haloethylphosphinic  acid  esters  are  ob- 

1-4- IV .  1.4542  1.1752  1.4485  1.1848  .  j  j  i  fu  .  k.  .i  u  .u  i 

[j  iy .  14559  1  1636  1  4510  1  1808  tamed,  identical  with  the  esters  obtained  by  thermal 

V- 4-IIF .  1.4250  1.0293  1.4245  1.0367  decomposition. 

VI- +-III  ....  1.4332  1.0296  1.4318  1.0343 

V^-4-IV .  1.4343  0.9939  1.4337  1.0016  The  formation  of  the  addition  products  of  the  a, 

■  ■  ■  ■  1-4367  0.9811  1.4360  0.9859  6 -dihaloethyl  alkyl  ethers  with  phosphites  is  accom¬ 

panied  by  a  change  in  volume.  We  made  some  quan¬ 
titative  measurements  of  the  volume  change  in  a 
dilatometer  with  a  graduation  fineness  of  0.01  mL 
The  experiments  were  run  at  20*.  Prior  to  mixing, 

the  components  were  cooled  in  order  to  prevent  reaction  during  the  mixing.  The  volume  became  constant  after 
3-4  days.  The  change  in  the  volume  of  the  reaction  products  was  expressed  in  percents  of  tlie  original:  1.55 
(I  +  Ill).  1.04  (I  +  IV). 


Reactants 

Constants  After 
Mixing 

Equilibrium 

Constants 

l-i-III  .  .  .  . 

1.4510 

1.2509 

1.4430 

1.2%9 

II -4- HI  .  .  .  . 

1.4600 

1.2443 

1.4520 

1.2707 

1-4- IV.  .  .  . 

1.4542 

1.1752 

1.4485 

1.1848 

II-i-IV  .  .  .  . 

1.4559 

1.1636 

1.4510 

1.1808 

V-4-IH  .... 

1.4250 

1.0293 

1.4245 

1.0367 

VI -4- III  ... 

1.4332 

1.0296 

1.4318 

1.0343 

V-4-IV.  .  .  . 

1.4343 

0.9939 

1.4337 

1.0016 

VI -4- IV  .  .  . 

1.4367 

0.9811 

1.4360 

0.9859 

TABLE  2 

a -Alkoxy-6 -bromoethylphosphinic  Acid  Esters 


(RO)2P-CH-CH2Br 


Boiling  Point  and 
Pressure  (in  mm.) 


Phosphorous  Content 
(%) 


64.75  64.21 


69.07  68.83 


83.99  82.68 


R 

R’ 

Boiling  Point  and 

r,*® 

n.. 

Pressure  (in  mm.) 

D 

Phosphorous  Content 

m _ 


Found  I  Calculated 


The  structure  of  the  intermediate  addition  product 
in  the  Arbuzov  rearrangement  was  not  studied.  It  has 
been  assigned  either  the  cova'lent  structure  with 

Hal 

pentavalent  phosphorus  (RO)3P  or  the  phosphonium 

R’ 

sturcture  [(RO)sPR*]Hal.  Landauer  and  Rudon  [3]  regard 
the  intermediate  compound  as  being  "quasiphosphonium" 
and  call  (PhO)3PCH5l  a  “triphenyl  methiodide",  in  this 
way  emphasizing  the  peculiarity  of  its  stmcture.  At¬ 
tempting  to  determine  the  nature  of  the  phosphorus - 
iodine  bond,  they  treated  the  "triphenyl  methiodide" 
with  cold  silver  nitrate  solution  in  anhydrous  alcohol 
and  found  that  the  precipitation  of  silver  iodide  was 
slow,  and  not  instantaneous,  as  in  the  case  of  methyl - 
triphenylphosphonium  iodide. 

In  our  study  we  made  an  attempt  to  study  the  reaction  for  phe  decomposition  of  the  intermediate  addition 
products  obtained  by  us  from  a,6 -dibromoethyl  butyl  ether  and  the  triethyl  phosphite  (VII)  and  tributyl  phosphite 
(VIII),  proceeding  in  accord  with  Equation  (2).  The  decomposition  of  (VII)  was  run  at  a  bath  temperature  of  87- 
90*,  and  that  of  (VIII)  at  150*  .  The  decomposition  rate  was  determined  by  the  amount  of  alkyl  halide  that  distil¬ 
led— ethyl  bromide  for  (VII)  and  butyl  bromide  for  (VIII).  The  results  of  these  experiments  are  given  in  the 
figure  (above). 

TABLE  4 

...  ...  ...  .  .  (RO),P-C  =  CHi 

a  -Alkoxy  vtnylfrfiosphinic  Acid  Esters  ^  l^. 


R 

R' 

Boiling  Point  and 
Pressure  (in  mm) 

"S 

1 _ MRn _ 

Yield 

i%) 

Fbund 

Calculated 

Found 

Calculated 

CjHs 

iso  “CjHt 

115-117* 

1.4379 

1.0462 

55.69 

55.97 

66.5 

13.76,13.62 

13.96 

(4) 

CjHs 

QH, 

134-136 

1.4430 

1.0485 

59.67 

60.59 

37.8 

13.29,13.03 

13.13 

(5) 

QH, 

iso 

162-165 

1.4432 

1.0157 

72.59 

74.44 

— 

10.99,10.81 

11.15 

(5) 

From  the  experimental  data  obtained  in  this  manner  we  calculated  the  order  of  the  reaction  for  the 
decomposition  of  the  intermediate  addition  product  by  the  substitution  method. 

The  calculations  failed  to  show  definitely  whether  the  reaction  was  of  the  first  or  second  order.  However, 
the  calculated  values  that  were  obtained  appear  to  be  more  applicable  to  a  first  order  reaction  than  they  do  to 
a  second  order  reaction.  It  must  be  assumed  that  the  covalent  structure  with  pentavalent  phosphorus  is  probably 
the  predominant  one  for  the  intermediate  addition  product. 

Treatment  of  the  a -alkoxy-6 -haloethylphosphinic  acid  esters  with  alcoholic  potassium  hydroxide  solution 
resulted  in  hydrogen  halide  [2,  4]  cleavage.  Here  the  a  -alkoxy  vinylphosphinic  acid  esters  were  obtained,  the 
constants  of  which  are  given  in  Table  4. 

The  studies  were  made  by  the  earlier  described  method  [2].  Here  we  will  only  show  the  conditions  for 
the  thermal  decomposition  of  the  intermediate  addition  products  (Table  5). 
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TABLE  5 

Thermal  Decomposition  of  the  Addition  Products 

^Hal 

(ROljP-ipH-CHjHal 

OR’ 


Addition  Product  j 

i  Bath  Temperature 

Pressure 

Yield  of  Alkyl  Halide 

R 

R’  1 

1  Hal 

1  i 

CjHs  1 

!  iso-C3H7  1 

;  B,  1 

i  j 

BO-lOO”  ! 

Atmospheric 

66.4 

CiHj 

1  iso-C3H7 

1  Cl  1 

1  80-95 

1  same  .  ! 

!  _ 

CiHj 

C4H9 

Br  1 

1  90-100 

1  same 

30.7* 

CjHj 

C4H, 

Cl  ; 

90-100 

same 

— 

C4H, 

iso-CjH7 

Br  i 

i  60-90  1 

60  mm 

72.7 

C4H9 

iso-CjH7 

Cl 

70-80 

70  mm 

64.8 

C4H, 

C4H9 

Br 

170 

Atmospheric 

72.4 

C4H, 

C4H9 

Cl 

120 -130 

same 

59.6 

•  The  cleavage  was  completed  in  vacuo. 


SUMMARY 

1.  It  can  be  assumed  that  the  reaction  for  the  Arbuzov  rearrangement  of  aliphatic  phosphites  with  a,6- 
dibromoethyl  alkyl  ethers  proceeds  with  the  formation  of  an  intermediate  addition  product,  which  when  heated 
cleaves  alkyl  halide  and  is  converted  into  an  a  -alkoxy-6  -bromoethylphosphinic  acid  ester.  The  reaction  pro¬ 
ceeds  in  two  separate  stages. 

The  aliphatic  phosphites  react  with  a,0 -dichloroethyl  alkyl  ethers,  probably,  also  with  the  formation  of 
intermediate  addition  products. 

2.  Some  preliminary  considerations  on  the  structure  of  the  intermediate  addition  product  are  expressed 
on  the  basis  of  decomposition  rate  studies. 

3.  The  ethyl  and  butyl  esters  of  a  -isopropoxy-  and  a  -butoxy-B  -bromoethyl-  and  -6  -chloroethylphosphinic 
acids  and  the  ethyl  and  butyl  esters  of  some  a  -alkoxyvinylphosphinic  acids  were  prepared. 
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THE  SYNTHESIS  AND  PROPERTIES  OF  SU  LF  A  M  E  T  H I N  E  -  A  NEW  A  N  T  IT  U  B  E  RC  U  L  A  R 


COM  POUND 

L.  M.  Kulberg*,  S.  G.  Ryklis,  P.  A,  Yufa  and  R.  P.  Veltman 

4,4’-Diaminodiphenyl  sulfone  and  some  of  its  derivatives (diasone,  promin,  promizole,  sulphetrone)  possess 
antitubercular  activity;  however,  their  use  for  the  treatment  of  tuberculosis  is  limited  due  to  their  considerable 
toxicity. 

We  synthesized  a  number  of  4,4*-diaminodiphenyl  sulfone  derivatives;  their  antitubercular  activity  was 
studied  in  the  Microbiological  Laboratory  of  the  Ukrainian  Tuberculosis  Institute  (by  R.  O.  Drabkina  and  T.  S. 
Ginzburg).  One  of  these  compounds,  to  which  we  gave  the  name  of  "sulfamethine",  proved  to  be  extremely 
effective  in  the  laboratory  treatment  of  tuberculosis  in  animals  and  showed  comparatively  low  toxicity.  It  was 
recommended  for  the  treatment  of  bone- joint  tuberculosis  and  proved  to  be  highly  effective  as  a  healing  agent, 
not  only  stopping  the  spread  of  the  disease,  but  also  aiding  in  the  restoration  of  damaged  bone  tissue.- 

Sulfamethine  (I)  is  the  condensation  product  of  4,4*-diaminodiphenyl  sulfone  with  p-dimethylaminobenzf^ 
aldehyde;  we  obtained  it  by  running  the  condensation  in  the  presence  of  sulfuric  acid. 

I.  Kh.  Feldman  and  Z.  N.  Syrkin  [1]  described  the  condensation  product  of  4,4*-diaminodiphenyl  sulfone 
with  p-dimethylaminobenzaldehyde,  being  the  azomethine  of  structure  (II).  It  was  obtained  by  simply  boiling 
an  alcoholic  solution  of  the  components: 

(H) 

Sulfamethine  is  different  from  the  azomethine:  (I)  is  active  against  the  tubercle  bacillus,  (II)  is  inactive; 
(D  decomposes  without  meltihg  when  heated  to  275-280*,  (II)  has  a  sharp  melting  point  of  230-231*;  solubility  in 
alcohol  at  room  temperature:  (I)  0.04570,  (II)  0.67o.  However,  elementary  analysis  established  that  the  sulfur 
and  nitrogen  contents  were  the  same  in  both  compounds,  corresponding  to  the  above  presented  formula;  conse¬ 
quently,  we  assumed  that  the  sulfamethine  is  a  polymer  of  the  azomethine  derivative.  Such  an  assumption  was 
confirmed  by  the  fact  that  azomethine  (II)  when  heated  in  alcohol  in  the  presence  of  sulfuric  acid  is  converted 
into  sulfamethine  (I). 

In  comparing  the  properties  of  (I)  and  (II),  we  established  that  under  the  same  conditions  in  acid  medium 
that  the  azomethine  (II)  is  hydrolyzed  more  rapidly  than  is  the  sulfamethine  (I),  and  its  degree  of  hydrolysis  is 
greater.  In  neutral  medium  only  the  sulfamethine  is  hydrolyzed.  The  azomethine  fails  to  react  with  sodium 
bisulfite  solution,  while  the  sulfamethine  under  the  influence  of  sodium  bisulfite  changes  from  a  yellow  to  a 
bright  orange  color.  Using  the  same  weight  concentrations,  the  sulfamethine  gives  a  considerably  smaller  melt¬ 
ing  point  depression  for  camphor  than  does  the  azomethine.  X-ray  analysis  reveals  that  the  azomethine  has  a 
well-defined  crystalline  structure,  while  the  sulfamethine  has  a  diffuse  (washed-out)  structure,  characteristic  for 
high-molecular  compounds.  On  the  basis  of  the  obtained  data  it  can  be  assumed  that  the  sulfamethine  is  a  dimer 
of  the  azomethine. 


•  Deceased. 
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(I)  =  ,  ’ 

EX  PERIMENT  AL 

The  initial  4,4’-diaininodiphenyl  sulfoiic  (V)  was  prepared  by  the  following  scheme: 

NO.-\  ^-S-<f  ^-NO,  —*■  NOr-((~p-SO,-<(^^-NO,  —> 

(tin  (IV) 

— *•  NH,-<f  ^-NH.. 

(V) 

4,4*-Dinitrodiphenyl  sulfide  (III)  was  prepared  by  boiling  an  alcoholic  solution  of  4-nitrochlorobenzene 
with  sodium  disulfide  [2],  It  was  crystallized  from  glacial  acetic  acid.  Yield  52-547o,  m.p.  154-155*. 

4.4*-DinitrodiphenyI  sulfone  (IV)  was  prepared  by  oxidation  of  (III)  with  a  chromic  mixture  in  glacial 
acetic  acid  [3,  4],  It  was  crystallized  from  glacial  acetic  acid  or  GO/o  nitric  acid.  Yield  90%,  m.p.  251-252*. 

4,4*-Diaminodiphenyl  sulfone  (V)  was  prepared  from  (IV)  by  reduction  with  zinc  dust  in  35fo  acetic  acid. 
The  product  was  recrystallized  from  hydrochloric  acid  solution  with  ammonia  and  crystallized  from  65yo  ethyl 
alcohol.  Yield  647o.  m.p.  173-174*. 

Synthesis  of  sulfamethine.  20  g  4,4’-diaminbdiphenyl  sulfone  (V)  was  dissolved  with  heating  in  300  ml 
alcohol  and  to  this  was  added  a  solution  of  26  g  p-dimethylaminobenzaldehyde  in  120  ml  alcohol.  18  ml  sul¬ 
furic  acid  (d  1.84)  was  then  added  drop-wise  to  the  hot  reaction  mixture  with  stirring.  The  dense  orange  pre¬ 
cipitate  which  came  down  was  carefully  rubbed  until  it  congealed.  .It  was  filtered,  washed  with  alcohol  and 
then  treated  with  saturated  sodium  bicarbonate  solution  •.  It  was  then  dried  at  60*.  Yield  38-40  g.  It  de¬ 
composed  when  it  was  heated  to  275-280*. 

The  sulfamethine  was  a  bright  yellow  powder,  tasteless  but  with  a  slight  honeylike  odor.  It  was  very 
sparingly  soluble  in  water  (at  20*—  0.0093%),  in  alcohol  (at  20*—  0.045%)  and  in  ordinary  solvents.  It  in¬ 
hibited  the  growth  of  the  tubercle  bacillus.  For  determination  of  percentage  composition,  a  sample  was 
carefully  washed  with  water  to  remove  admixed  sodium  bicarbonate  and  with  alcohol  to  remove  possibly  ad¬ 
mixed  free  4,4*-diaminodiphenyl  sulfone. 

Found  %:  N  10.94.  10.54;  S  6.30,  6.21.  CJ0H30O2N4S.  Calculated  %\  N  10.98;  S  6.27. 

Synthesis  of  azomethine.  Azomethine  was  synthesized  by  boiling  an  alcoholic  solution  of  4,4*-diamino- 
diphenyl  sulfone  and  p-dimethylaminobenzaldehyde  [1].  It  melted  at  230-231*.  The  azomethine  was  in  the 
fonri  of  fine  yellow  needles,  slightly  soluble  in  alcohol  (at  20*—  0.6%).  It  did  not  inhibit  the  growth  of  tubercle 
bacilli. 

Conversion  of  azomethine  to  sulfamethine.  10  g  azomethine  was  heated  with  100  ml  alcohol  to  the  boil¬ 
ing  point.  4  ml  sulfuric  acid  (d  1.84)  was  added  drop-wise  to  the  hot  mass  while  stirring  and  the  stirring  was 
continued  until  the  reaction  mass  cooled.  It  turned  orange.  Further  treatment  of  the  product  was  the  same  as 
for  the  synthesis  of  sulfamethine.  Yield  9  g.  The  product  did  not  fuse;  when  it  was  heated  above  250*,  it  be¬ 
gan  to  darken  and  then  decomposed.  The  compound  possessed  the  same  antibacterial  activity  as  sulfamethine. 

Hydrolysis  of  sulfamethine  and  azomethine.  a)  Hydrolysis  in  acid  medium  was  performed  by  the  method 
described  in  the  literature  [5].  0.25  g  sulfamethine  or  azomethine  was  first  washed  free  of  admixed  NaHCOj 
and  (V),  and  then  stirred  2  hours  with  100  ml  0.1  N  hydrochloric  acid  at  room  temperature.  Increase  in  duration 


•  Prepared  sulfamethine  is  stored  with  a  1%  admixture  of  sodium  bicarbonate. 
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and  elevation  of  the  temperature  of  the  reaction  did  not  affect  the  degree  of  hydrolysis.  The  latter  was  de¬ 
termined  colorimetrically  by  the  quantity  of  'i,4’-diaminodiphenyl  sulfone  (V)  which  formed. 

Preparation  of  standard  solution.  The  standard  was  a  solution  of  the  dye  prepared'by  coupling  diazotized 
4,4'-diaminodiplienyl  sulfone  with  an  R-acid.  Solution  1.  0.124  g  of  4,4’-diaminodiphenyl  sulfone  (0.001  g- 
equiv.)  was  diazotized  in  hydrochloric  acid  solution  by  the  theoretical  quantity  of  sodium  nitrite.  Solution  2. 
0.6  g  R-acid  was  dissolved  in  50  tnl  of  2'7o  sodium  carbonate  solution.  The  solutions  were  combined.  A  solution 
of  red  dye  formed.  After  15-20  minutes,  the  solution  was  diluted  to  250  ml  in  a  volumetric  flask  with  distilled 
water.  The  concentration  of  4,4’-diaminodiphenyl  sulfone  in  the  given  standard  solution  was  1:  2000.  It  was 
further  diluted  as  required.  Its  coloration  was  maintained  upon  dilution  to  1;  10^,  In  tlie  Duboscq  colorimeter, 
it  could  be  used  for  colorimetric  analysis  at  dilutions  of  the  order  of  1:  5' 10®.  All  solutions  had  to  be  prepared 
with  distilled  water  since  the  presence  of  even  a  small  amount  of  conduit  water  brought  down  a  precipitate 
(evidently,  an  insoluble  calcium  salt  of  the  dye  is  formed). 


Preparation  of  a  working  solution  of  the  substance  to  be  analyzed.  The  hydrochloride  salt  of  4,4’-diamino- 
diplienyl  sulfone  which  fomied  upon  hydrolysis  (see  above)  was  diazotized  with  0.1  N  solution  of  sodium  nitrite 
and  diluted  to  250  ml  with  distilled  water.  25  ml  of  diazo  solution  was  filtered  off  and  coupled  with  10  ml  l‘7o 
solution  of  R-acid,  with  addition  of  10  ml  sodium  carbonate  solution.  After  standing  30  minutes  the  dye  solution 
was  diluted  to  250  ml.  The  concentration  of  the  prepared  solution,  on  the  basis  of  the  substance  to  beanalyzed^ 
was  1 : 10000,  The  working  solution  was  diluted  as  required. 


Colorimetric  analysis.  Our  most  precise  results  were  obtained  after  dilution  of  the  solution  being  tested  in 
5  6  —  -  —  ’  ^st 

*1.1  A®  -i--. 


the  range  1;  10®- 1;  10®,  Calculation  was  by  formula:  Cx 


,  where  Cx“  concentration  of  4,4’-diamino- 


diphenyl  sulfone  in  the  investigated  solution  after  hydrolysis,  Cgf—  concentration  of  4,4*-diaminodiphenyl  sulfone 
in  the  standard  solution,  height  of  column  of  standard  solution,  height  of  column  of  investigated  solution. 

Cx-ioo*2 

The  percent  of  hydrolysis  was  calculated  on  the  basis  of  colorimetric  analysis  by  fomiula:  A  - - - - , 


where  A  —  percent  of  hydrolysis,  D  —  dilution  of  the  investigated  solution  on  the  basis  of  a  weighed  portion  of  in¬ 
vestigated  substance.  Since  the  molecular  weight  of  the  hydrolyzed  monome;r  of  azomethine  (510)  is  approximate 
ly  2  times  as  large  as  the  molecular  weight  of  4,4*-diaminodiphenyl  sulfone  (248)  which  formed  upon  hydrolysis, 
the  right  side  of  the  equation  was  multiplied  by  2. 


The  degree  of  hydrolysis  of  sulfamethine  proved  to  be  9.3'yo,  the  degree  of  hydrolysis  of  azomethine  —  33%. 
This  method  could  be  used  to  determine  the  content  of  admixed  free  4,4’ -diaminodiphenyl  sulfone  in  the  prepared 
compound  —  sulfamethine;  for  this  purpose,  a  weighed  portion  of  1  g  of  the  compound  was  (without  preliminary 
alcohol  washing)  steeped  in  100  ml  of  water  for  1  hour,  with  periodic  agitation.  The  liquid  was  filtered  and  the 
content  of  4,4’ -diaminodiphenyl  sulfone  in  the  filtrate  was  determined  as  described  above.  Calculation  was  by 
formula: 


%DDS  • 


CstHsfV> 

Hv-  m 


where  ,  and  are  explained  above;  Vj^—  final  volunie  of  investigated  solution,  m—  weighed  portion 

of  compound  taken. 

bl  Hydrolysis  in  neutral  medium.  0.2  g  of  sulfamethine  or  azomethine  was  ground  in  a  mortar  with  water, 
transferred  to  a  volumetric  flask  and  diluted  to  250  ml  with  distilled  water.  The  suspension  was  set  aside  for  a 
long  period.  At  definite  intervals,  it  was  filtered,  the  precipitate  was  washed  with  50  ml  of  water  and  the  4,‘f-di- 
aminodiphenyl  sulfone  that  formed  in  the  filtrate  was  determined.  Water  was  again  poured  over  the  precipitate  on 
a  filter  and  after  some  time,  a  sample  was  again  taken  for  colorimetric  analysis.  To  determine  the  effect  of 
temperature  on  the  degree  of  hydrolysis  of  the  compound  in  water,  it  was  boiled  with  the  cited  quantity  of  water 
for  10  minutes,  the  hot  mixture  was  filtered,  the  precipitate  was  washed  with  hot  water  and  upon  cooling, the 
filtrate  was  examined  as  described  above.  After  being  steeped  in  water  for  5  days,  azomethine  hydrolyzed  to  the 
extent  of  O.l  /o,  The  data  on  the  hydrolysis  of  sulfamethine  are  given  in  the  t  able  (below). 


•  DDS—  diaminodiphenyl  sulfone. 
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Variation  in  liti^rco  of  Hydrolysis  of  SiUanictliiiiL- 
witli  Jc’rnpcratnrc  andHiiratii'ii  of  lixpcrimcnt 


Temperature 

Time  (in  liours) 

1  lydrolysis  of 
sulfamethine  ( in  ’/o) 

18-20’ 

2.5 

1.1 

18-20 

24 

4.0 

18-20 

48 

1  7.5 

18-20 

0() 

12.5  ■ 

100 

0.17 

i  5.2 

It  is  evident  from  tlie  data  of  the  table  tliat 
the  degree  of  hydrolysis  of  snlfatnethinc  in  water 
is  higher,  the  higher  the  temperature  and  the 
longer  the  period  of  interaction  (of  sulfamethine 
and  water). 

Reaction  of  sulfamethine  and  azomethine 
with  sodinnt  bisulfite.  2  g  sulfamethine  or  azo- 
methine  was  steeped  in  1.4  g  of  sodium  bisulfite 
in  water  for  2  days  in  a  closed  container.  The 
azomethine  did  not  change  noticeably,  even  upon 
subsequent  heating.  The  sulfamethine  went  from 
yellow  to  orange  and  resinified  upon  heating. 


M-70 


Debye  crystallogram  of  sulfamethine  and  azomethine 


X-ray  analysis.  X-ray  analysis  of  the  structure  of  both  compounds  was  carried  out  under  strictly  identical 
conditions  by  means  of  a  sharp-focus  B.  Ya.  Pines  tube.  The  emission  was  Kg  .pg.  The  wave  length  was  1.936  A. 
The  current  was  1  mA,  voltage  22  kV.  The  illustration  shows  the  crystallograms  obtained.  The  crystallogram  of 
azomethine  (No.  70)  clearly  revealed  lines  indicating  its  crystalline  structure.  •  Corresponding  lines  in  the  crystal¬ 
logram  (No.  2)  were  absent  or  e.\tremely  diffuse,  in  dicating  the  greater  structural  complexity  of  sulfamethine. 

SUMMARY 

1.  A  new  antitubercular  compound,  named  sulfamethine,  was  synthesized,  which  found  use  in  the  treatment 
of  bone-joint  tuberculosis . 

2.  Some  of  the  physical  and  chemical  properties  of  sulfamethine  were  determined.  It  was  shown  that  it  is 
a  polymer  of  the  azomethine  bis-4-(p-dimethylaminobenzalimino)diphenyI  sulfone. 

3.  A  method  was  developed  for  the  colorimetric  determination  of  the  degree  of  hydrolysis  for  sulfamethine, 
which  method  is  also  suitable  for  checking  on  the  presence  of  free  4,4'-diaminodiphenyl  sulfone  as  impurity  in 
the  sulfamethine. 
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•  Tlie  parenthetically  shaped  lines  sliow  tlie  diffraction  pattern  of  the  substance.  The  otlier  lines  were  returned 
by  the  collimator. 
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ALKALOIDS  OF  GALANTHUS  WORONOVI 


V.  ISOLATION  OF  GALANTHAMIDINE 


N.  F.  Proskurnina  and  A.  P.  Yakovleva 


While  the  bulbs  of  the  snowdrop  woronovi  (family  Amaryllidaceae)  have  been  studied  in  quite  some  de¬ 
tail  [1],  the  roots  of  this  plant  have  not  been  studied  up  to  now.  The  pharmacological  activity  of  the  alkaloid 
galanthamine  [2],  isolated  first  from  the  bulbs,  and  then  also  from  the  aboveground  portions  of  the  snowdrop, 
increased  the  interest  toward  this  plant. 

The  material  used  in  our  study  was  received  from  the  Transcaucasian  Zone  Station  of  the  All-Union 
Institute  VILAR  in  1951.  The  roots  that  were  received  together  with  the  bulbs  had  been  collected  in  the  Batum 
region  in  early  December,  at  the  start  of  the  vegetative  period. 

The  alkaloids  were  extracted  from  the  roots  of  the  snowdrop  woronovi  in  the  usual  manner  with  dichloro- 
ethane.  The  separation  of  the  alkaloids  of  this  plant  (both  when  working  with  the  bulbs  and  aboveground  portions, 
and  when  working  with  the  roots)  is  made  easier  by  the  fact  that  a  portion  of  the  alkaloids  shows  immediate  pre¬ 
cipitation  when  the  sulfuric  acid  extract  is  made  alkaline. 

Treatment  of  the  precipitate  obtained  from  the  alkaline  solution  with  hot  acetone  gave,  in  addition  to  the 
alkaloids  lycorine  and  galanthine,  also  another  base  in  an  amount  of  0.028%.  This  base  melts  at  211-213*, 
shows  optical  activity  ([a]p— 94.2*),  and  its  analysis  is  in  good  agreement  with  the  formula  CfgHjsOsN.  In  view 
of  the  fact  that  this  base  is  different  from  all  previously  described  alkaloids,  we  propose  the  name  of  galanthamid- 
ine  for  it.  Galanthamidine  is  quite  readily  soluble  in  hot  acetone,  chloroform  and  hot  methanol,  and  is  difficult¬ 
ly  soluble  in  alcohol  and  water. 

Its  reaction  with  phloroglucinol  and  cone-  H2SO4  shows  the  presence  of  a  methylenedroxy  group  in 
galanthamidine.  The  presence  of  methoxy  groups  in  galanthamidine  could  not  be  shown. 

Galanthamidine  in  chloroform  solution  in  the  cold  gives  a  methiodide,  which  melts  at  219*  (with  de¬ 
composition). 

As  a  characteristic  of  the  roots  of  the  snowdrop  woronovi  it  should  be  mentioned  that  they  fail  to  contain 
the  alkaloid  galanthamine,  which  alkaloid  is  found  to  be  present  in  both  the  bulbs  and  aboveground  portions  of 
this  plant. 

EXPERIMENTAL 

1.5  kg  air-dried  pulverized  roots  of  the  plant  was  treated  with  8%  ammonia  solution  and  exhaustively  ex¬ 
tracted  with  dichloroethane.  The  dichloroethane  extract  was  shaken  with  5%  sulfuric  acid.  Upon  cooling,  an 
excess  of  ammonia  was  added  to  the  sulfuric  acid  solution,  after  which  8  g  of  gray  precipitate  came  down  from 
solution  during  24  hours  of  standing. 

Isolation  of  lycorine  and  galanthine.  8  g  bases  which  came  down  from  ammoniacal  solution  were  boiled 
two  times  with  acetone,  after  which  6  g  of  lycorine,  not  dissolved  in  acetone,  remained;  m.p.  244-246*.  From 
the  acetone  solution,  0.17  g  of  galanthine  was  isolated,  m.p.  125-127*. 
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Isolation  of  galanthamidine.  After  the  acetone  was  driven  off  from  the  mother  liquor,  the  residue  was 
treated  with  alcohol,  the  galanthamidine  crystals  were  filtered  off  and  washed  with  alcohol.  We  isolated  0.6  g 
of  base,  m.p.  199-202*.  After  recrystalli2uition  from  15  ml  methyl  alcohol,  we  isolated  0.35  g  galanthamidine, 
m.p.  211-213*,  [o]jj— 94.2*  (c  =  0.53;  Jl^=  1  dm;  methanol). 

Found  %:  C  64.63,  64.72;  H  6.90,  6.98;  N  4.19,  4.25.  CigHuO^N.  Calculated  C  64.86;  H  6.93; 

N  4.20. 

Galanthamidine  methiodide.  A  small  excess  of  methyl  iodide  was  added  to  a  solution  of  galanthamidine 
in  chloroform  and  the  liquid  was  set  aside  for  a  day.  The  crystals  that  formed  upon  removal  of  the  solvent 
were  washed  with  acetone.  The  methiodide  obtained  by  recrystallization  melted  at  219*  (with  decomposition). 

SUMMARY 

1.  The  crysulline  alkaloid  galanthamidine  of  composition  CnH^sO^N  and  having  m.p.  211-213*, 

[a]p— 94.2*  was  isolated  from  the  roots  of  Galanthus  woronovi. 

2.  Galanthamidine  contains  the  methylenedioxy  group.  Analysis  failed  to  show  the  presence  of  methoxy 
groups.  The  nitrogen  in  galanthamidine  is  of  the  tertiary  type. 
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ALKALOIDS  OF  THE  PLANTS  OF  THE  POPPY  FAMILY 
T.  F.  Platonova.  P.  S.  Massagetov,  A.  D.  Kuzovkov  and  L.  M,  Utkin 

A  study  of  the  alkaloidal  content  of  the  different  types  of  poppy  (Papaveraceae)  plants  growing  in  the 
USSR  territory  was  started  many  years  ago,  the  chemical  study  being  made  by  A.  P.  Orekhov  and  his  coworkers, 
and  the  botanical  study  by  P.  S.  Massagetov.  Even  in  the  first  paper  [1]  the  alkaloidal  content  was  qualitatively 
established  for  the  plants:  Papaver  pivoninum  Schienk.,  P.  iiudicaule  L.,  P,  armeniacum  DC.,  Glaucium  fim- 
brilligerum  B.  Fedsch.,  G.  squamigerum  Kar.  and  Kir.,  Fumaria  Vailantii  Loisl.,  Hypecoum  pendulum  L.  In  a 
liter  paper  [2]  the  alkaloids  of  theplanrs  Papover  armeniacum,  P.  orientale,  P.  floribundum,  P.  bracteatum, 
Roemeria  refracta,  Glaucium  fimbrilligerum  were  subjected  to  a  detailed  study. 

This  paper  is  a  continuation  of  the  earlier  studies.  The  alkaloidal  content  of  11  types  of  poppy  plants  was 
studied;  the  results  that  were  obtained  are  given  in  the  table.  The  following  alkaloids  are  new,  for  which  we 
propose  the  names:  fumaridine,  fumarinine,  fumaritine,  fumvailine,  pagibrine,  remeridine  and  chelidamine. 

A  description  of  the  methods  used  for  the  isolation  and  separation  of  the  alkaloids  and  the  properties  of  the  new 
alkaloids  is  given  under  EXPERIMENTAL;  here  we  will  only  mention  the  close  similarity  of  fumaramine  and 
fumaridine.  Fumaramine  is  a  yellow  substance,  C21H22O5N2,  devoid  of  methoxy  groups,  contains  the  CO  group 
(absorption  band  in  the  IR-spectrum  1705  cm"^),  UV-spectrum:  X^iax  360 mp  (log  c  4.21),  233mp  (log  €4.60), 
Xmin  315 mp  (log  e  3.89),  shoulder  250 mp  (log  c  4.28).  Fumaridine  is  also  a  yellow  substance,  C2SH2JO5N2, 
contains  two  OCH3  groups  and  a  CO  group  (absorption  band  1705  cm"^);  UV-spectrum  is  close  to  that  of  fumar¬ 
amine:  Xmax  350  mp  (log  €  4.19),  223  mp  (log  e  4.66),  X^in  312mp  (log  €  4.00),  shoulder  250  mp 
(log  €  4.35).  Apparently,  fumaridine  is  the  dimethyl  ether  of  fumaramine. 


Study  of  Plants  for  Their  Alkaloidal  Content 


Name  of  plant 

Place  of  gathering  the  plants 

Isolate'  alkaloids  (the  percent  content  in  the 
dry  plant  is  given  in  parentheses) 

Fumaria  Schleicheri 

Soy- Will. 

Transcaucasia 

Protopine  (0.05),  fumaridine  (0.01),  fumar¬ 
amine  (0.01),  fumarinine  (0.005),  fumaritine 
(0.002),  total  bases  —  0.47% 

Fumaria  micrantha  Lag. 

Dagestan 

Protopine  (0.08,  fumaramine  (0.01),  total 
bases  —  0.6% 

Fumaria  Vailantii  Loisl. 

Central  Asia 

Protopine  (0.06),  fumaridine  (0.005),  fum¬ 
vailine  (0.007),  total  bases  —  0.7% 

Papaver  hybridum  L. 

Dagestan 

Pagibrine  (0.03),  total  bases  —  0.12% 

Papaver  pavoninum 

Schrenk. 

Kirghiz  Alatau  (steppe) 

a-Allocryptopine  (0.002),  protopine  (0.002), 
remeridine  (0.002),  total  bases  —  0.1% 

Roemeria  hybrida  (L.)  DC. 

Central  Asia,  Muyun-Kuma 

Protopine  (0.4),  remeridine  (0.02),  total 
bases  —  0.8% 

Glaucium  corniculatum  (L.) 
Curt. 

Transcaucasia 

a-Allocryptopine  (0.3),  protopine  (0.03), 
total  bases  —  1% 

Glaucium  flavum  Crantz. 

Transcaucasia 

1  Glaucine  (0.4),  total  bases  —  2% 

Glaucium  squamigerum 

Kar.  and  Kir. 

Central  Asia,  Tyan-Shan 

Protopine  (0.5),  corydine  (corydaline)  (1.8), 
a-allocryptopine  (0.2),  total  bases—  3.6% 

Chelidonium  majus  L. 

Altai 

Sanguinarine,  chelerythrine  and  chelidamine 
(0.01),  protopine  (0.04),  chelidonine  (0.06) 

Hypecoum  pendulum  L. 

Eastern  Transcaucasia 

Protopine  (0.03),  total  bases  —  0.15% 
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Some  of  the  plants  given  in  the  table  were  studied  earlier  for  their  alkaloidal  content  [3];  in  this  con¬ 
nection  there  were  isolated;  from  P.  hibridum,  rheadine  m.p.  256*;  from  G.  corniculatum, 

protopine;  from  G.  flavum ,  aurotensine  (m.p.  128*),  isocorydine,  glaucine  and  alkaloid  F-47  (m.p.  280*);  from 
Ch.  majus,  chelerythrine,  chelidonine,  a -homochelidonine,  hydroxychelidonine,  methoxychelidonine, 
sanguinarine,  a-  and  6-allocryptopine,  protopine  and  the  alkaloid  Ci9H240N2  (m.p.  198-199*).  It  can  be  seen 
that  the  material  studied  by  us  is  different  from  that  studied  earlier. 

EXPERIMENTA  L 

T.  Alkaloids  of  Fumaria  Schleicheri 

1.  Isolation  of  alkaloids.  14  kg  dried  pulverized  plants  was  steeped  in  lO'^h  aqueous  ammonia  solution. 
The  bases  were  exhaustively  extracted  with  dichloroethane;  the  bases  were  transferred  from  the  dichloroethane 
extract  into  Vfh  sulfuric  acid  and  after  alkalization  of  the  acidic  extract  with  25‘iit»  ammonia  solution,  were 
extracted  with  ether  and  then  with  chloroform.  Upon  evaporation  of  the  ethereal  extract  to  low  bulk,  we  ob¬ 
tained  23  g  brown  crystalline  bases  (A),  upon  evaporation  to  dryness  —  26  g  more  of  a  non- crystallized  mixture 
of  bases  (B).  From  the  chloroform  extract,  we  obtained  17  g  dark  brown  non- crystalline  bases.  The  total  alka¬ 
loid  content  was  QAl'%  of  the  weight  of  dry  plant. 

2.  Resolution  of  total  crystalline  bases  (A).  A  solution  of  23  g  bases  (A)  in  1  liter  CHC18  was  chromato¬ 
graphed  on  1000  g  AI2OS.  Elution  was  carried  out  at  first  with  CHClj;  at  this  point  three  zones  formed  —  an 
upper  orange,  then  a  yellow  and,  finally,  a  colorless  zone,  weakly  fluorescent  in  UV-light.  The  moment  the 
bases  appeared  in  the  eluate,  elution  was  continued  with  a  mixture  of  GHClj  +  2^  CH3OH.  The  eluate  was 
collected  in  portions  as  the  individual  zones  were  displaced.  From  the  colorless  zone,  we  isolated  3  g  base 
which  melted  at  205-206*  from  alcohol;  its  mixture  with  protopine  melted  at  the  same  temperature.  From  the 
yellow  zone,  we  obtained  a  mixture  of  crystalline  bases  (m.p.  170-190*),  from  the  orange  zone  —  0.2  g  resinous 
product.  The  bases  from  the  yellow  zone  were  dissolved  in  600  ml  CHC18  and  repeatedly  chromatographed  on 
500  g  AI2P3.  Two  zones  were  distinguishable  on  the  column  —  a  yellow  upper  and  a  colorless  lower  zone  which 
fluoresced  in  UV-light.  The  bases  from  the  lower  zone  were  eluted  with  CHCI3,  the  eluate  being  collected  in 
100  ml  portions  (l-7th  fractions).  The  upper  zone  was  cut  into  3  parts,  from  which  the  bases  were  eluted  with 
CH3OH  (8-lOth  fractions).  From  Fractions  1-4  we  isolated  3  g  protopine.  From  Fractions  6-8,  upon  mixing  the 
alcoholic  solutions  of  the  bases  with  tartaric  acid,  we  obtained  fumaridine  tartrate;  yield  2  g,  m.p.  217*  (from 
80<^  alcohol);  the  salt  was  difficultly  soluble  in  acetone  and  in  alcohol,  more  readily  in  water. 

Found  <%:  C  57.37,  57.49;  H  5.45,  5.58;  N  4.78,  4.72.  C23H2,05N2-  QHgOg.  Calculated <7o:  C  57.85; 

H  5.75;  N  4.99. 

Fumaridine  —  yellow  needles,  m.p.  190-191*  (from  methanol);  readily  soluble  in  chloroform,  less  —  in 
methanol,  acetone,  alcohol  and  ether;  it  gave  a  dark  green  coloration  with  Fried’s  reagent  which  changed  to 
dark  rose  and  then  to  brown. 

Found  C  67.05,  67.24;  H  6.36,  6.34;  N  6.80,  6.83;  OCH3  15.25,  14.93;  NCH3  11.95.  M  437  (accord¬ 
ing  to  Rast).  C23H2,05N2.  Calculated  C  67.3;  H  6.38;  N  6.82;  2OCH3  15.12;  2NCH3  14.5.  M  410. 

After  addition  of  an  alcoholic  hydrochloric  acid  solution  to  a  suspension  of  the  base  in  acetone,  we  ob¬ 
tained  fumaridine  hydrochloride,  m.p.  213-214*  (from  alcohol-ether). 

Found  N  6.05,  5.98.  C23H2,05N2  •  2HC1.  Calculated  <55):  N  5.79. 

Fumaridine  picrate  was  prepared  in  alcoholic  solution,  m.p.  204-205*.  Fumaridine  methiodide  formed 
upon  boiling  a  solution  of  the  base  in  methanol  with  an  excess  of  methyl  iodide  for  3  hours;  after  crystallization 
from  alcohol  it  melted  at  247-248*. 

From  Fractions  9  and  10  we  isolated  fumaramine  tartrate,  a  greenish  substance,  m.p.  200*  (from  50% 
alcohol);  yield  1.2  g.  Fumaramine,  isolated  from  the  tartrate,  was  in  the  form  of  yellow  needles,  m.p.  223- 
224*  (from  alcohal),  poorly  soluble  in  ether,  alcohol,  acetone  and  more  readily  in  chloroform. 

Found  %;  C  65.89  ,  66.14;  H  5.66,  5.44;  N  7.62,  7.80;  NCI^  11.73;  C)CH3  group  was  not  present.  M  391 
(according  to  Rast).  CjiHjjOjNj.  Calculated  %:  C  65.95;  H  5.79;  N  7.32;  2NCH3  15.18.  M  382. 


•  Yields  are  given  for  the  substances  that  were  crystalline  and  had  a  constant  melting  point;  losses  in  the 
mother  liquors  were  not  accounted  for. 
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Fumaramine  hydrobromide  was  prepared  in  alcoholic  solution  and  recrystallized  from  15P]o  alcohol;  it 
melted  at  258-260*. 

Found  Br  17.36,  17.60.  C21H22O5N2 •  HBr.  Calculated  7o:  Br  17.21. 

3.  Resolution  of  total  non- crystalline  bases.  A  solution  of  20  g  bases  (B)  in  750  ml  CHCI3  was  chromato¬ 
graphed  on  1000  g  AI2O3.  After  washing  with  chlorofonn,  the  sorbate  layer  was  cut  into  7  zones  of  different 
colors,  from  which  the  bases  were  eluted  with  CH3OH  (Fractions  1-7).  Fractions  3-7  were  chromatographed  again 
from  CHCI3  solutions  on  AI2O3  (each  fraction  separately).  The  colored  sorbate  columns  were  cut  into  parts  ac¬ 
cording  to  the  variation  of  color  of  the  zones  and  the  bases  were  eluted  with  €113011. 

From  Fraction  4  we  isolated  0.78  g  of  fumarinine  oxalate,  m.p.  213*  (from  25*70  alcohol).  The  base  iso¬ 
lated  from  the  oxalate  was  in  the  form  of  light  yellow  needles  which  melted  at  189-190*  (from  a  mixture  of 
chloroform  and  alcohol),  difficultly  soluble  in  acetone  and  alcohol,  more  readily  —  in  ether  and  chloroform. 
There  was  a  melting  point  depression  when  it  was  mixed  with  fumaridine. 

Found  I0:  C  67.64,  67.71;  H  5.33,  5.52;  N  4.98,  4.82;  NCH3  7.79;  OCH3  not  detected.  CuHijO^N. 
Calculated  ^0 :  C  67.36;  H  5.30;  N  4.91;  NCH3  10.18.  , 

Fumarinine  hydrochloride  melted  at  255-257*  (from  alcohol-ether). 

Found  %:  C  59.96,  60.27;  H  5.49,  5.37.  C16H15O4N  *  HCl.  Calculated  <7o:  C  59.73;  H  5.01. 

From  Fractions  5  and  6  we  isolated  0.6  g  protopine;  from  Fraction  7—  0.3  g  protopine  and  0.3  g  fumaritine 
in  the  form  of  colorless  rectangular  flakes  which  melted  at  157-159*  (from  alcohol),  readily  soluble  in  acetone, 
and  less  —  in  alcohol  and  ether. 

Found  <70:  C  67.13,  66.98;  H  5.47,  5.50;  N  3.68,  3.80;  NCH3  8.08.  C2oH2i05N-  Calculated  <1o-.  C  67.60; 

H  5.95;  N  3.94;  NCH3  8.17. 

Fumaritine  hydrochloride  —  colorless  rectangular  plates,  m.p.  224*  (from  a  mixture  of  alcohol  and  ether). 

Found  <7o:  C  60.58,  60.40;  H  5.70,  5.49;  N  3.59,  3.58.  C20H21O5N  •  HCl.  Calculated  <^01  C  61.30; 

H  5.66;  N  3.57. 

Fumaritine  hydrobromide  was  obtained  in  alcoholic  solution  and  recrystallized  from  alcohol,  m.p.  219*. 

Chromatographic  resolution  of  the  total  bases  from  the  chloroform  fraction  (C )  was  unsuccessful  in  isolat¬ 
ing  the  individual  substances. 

II.  Alkaloids  of  Fumaria  Micrantha 

15  kg  plants  was  treated  as  described  above.  From  the  ethereal  extract  we  obtained  80  g  non -crystalline 
mixture  of  brown  bases,  from  the  chloroform  extract  —  15  g  of  nearly  black  mass  which  was  not  analyzed  further. 
The  total  alkaloid  content  was  0.6*70  of  the  plant  weight. 

The  bases  from  the  ethereal  fraction  were  rubbed  with  acetone;  a  white  crystalline  substance  came  down 
at  this  point  which  after  crystallization  from  alcohol,  weighed  11  g,  m.p.  205-206*;  a  test  mixture  with  proto- 
pine  melted  at  the  same  temperature.  The  bases  from  the  mother  liquors  were  dissolved  in  300  ml  CHCI3 
after  isolation  of  protopine  and  then  shaken  with  5*7o  NaOH,  free  of  phenolic  bases.  We  obtained  56  g  non- 
phenolic  bases  and  10  g  phenolic  bases;  there  was  no  crystallization. 

A  solution  of  56  g  non-phenolic  bases  in  1000  ml  CHCI3  was  chromatographed  on  1000  g  AI2O3.  CHCI3 
was  used  for  elution  (l-16th  fractions), CHCI3  +  2*7o  CH3OH  (17-28th  fractions)  and  CH3OH  (29th  fraction). 

50  ml  of  eluate  was  collected  from  each  fraction.  The  bases  from  each  fraction  were  rubbed  with  methanol; 
there  was  crystallization  in  the  1-llth  and  17-20th  fractions.  From  the  crystalline  bases  of  the  l-3rd  fractions 
(0.2  g)  in  alcoholic  solution,  we  obtained  an  oxalate  (0.15  g)  from  which  we  isolated  a  base,  m.p.  209-210* 
(from  alcohol).  From  the  crystalline  bases  of  the  4-llth  fractions  (1.9  g)  in  alcoholic  solution,  we  obtained  an 
oxalate,  m.p.  230*,  from  whrch  we  isolated  protopine.  From  the  19-20th  fractions  we  obtained  0.35  g  base, 
m.p.  222-223*  (from  alcohol);  a  mixture  with  fumaramine  gave  no  melting  point  depression.  From  Fractious 
17-18  and  from  the  mother  liquors,  after  separation  of  fumaramine  from  Fractions  19-20,  we  obtained  0.95  g 
of  a  hydrobromide,  m.p.  258-260*  (from  50*7o  alcohol).  The  base,  after  isolation  from  the  hydrobromide,  proved 
identical  to  fumaramine. 
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III.  Alkaloids  of  Fumaria  Vaillantii 


6  kg  of  plants  was  treated  as  described  above.  From  the  ethereal  fraction,  we  obtained  32  g  non-crystal¬ 
line  mixture  of  bases,  from  the  chloroform  —  12  g  of  dark  resinous  material.  The  total  alkaloid  content  was 
0.7*5^  of  the  weight  of  dry  plant.  From  the  bases  of  the  ethereal  fraction,  after  rubbing  with  acetone,  we  obtained 
5.4  g  crystalline  yellow  powder  (A).  After  the  acetone  was  evaporated  off,  26  g  of  a  non- crystalline  mixture 
of  bases  (B)  remained. 

A  solution  of  5.4  g  bases  (A)  in  75  ml  CHClj  was  chromatographed  on  100  g  AljOs  and  washed  with  CHCls. 
Upon  elution  with  CHCI3,  we  isolated  2.9  g  protopine  from  the  lower  colorless  zone.  The  bases  from  the  upper 
yellow  zone  were  eluted  with  methanol  and  after  evaporation  of  the  solvent,  were  repeatedly  chromatographed 
on  AI2O3,  after  being  dissolved  in  CHCI3  with  Vjo  CH3OH.  We  isolated  0.7  g  of  protopine  and  0.3  g  of  a  yellow 
base,  m.p.  174-176*.  The  tartrate  of  this  base  melted  at  212*  (from  aqueous  alcohol),  a  sample  mixed  with 
fumaridine  tartrate  melted  at  the  same  temperature.  The  base  that  was  isolated  from  the  tartrate  melted  at 
189-190*  and  melted  at  the  same  temperature  when  mixed  with  fumaridine. 

A  solution  of  26  g  bases  (B)  in  700  ml  CHCI3  was  chromatographed  on  500  g  AI2O3.  We  obtained  7  zones 
of  different  colors.  Upon  elution  of  the  lower  colorless  zone  with  CHCls,  obtained  2.2  g  semicrystalline  mass 
from  which  we  isolated  0.4  g  of  fumvailine  in  the  form  of  coarse  crystals,  m.p.  180.5-181.5*  (from  acetone), 
[alp  -  44.4*  (c  =  4.4;  CHCI3).  The  base  was  not  phenolic  in  character. 

Found  ‘55»;  C  64.99,  64.90;  H  5.31,  5.29;  N  3.59,  3.56;  OCHs  15.72,  15.78.  CjoHjjObN.  Calculated  %: 

C  65.04;  H  5.18;  N  3.79;  2OCH3  16.80. 

Fumvailine  hydrochloride,  obtained  in  alcoholic  solution,  melted  at  212*  (from  alcohol). 

Found  C  58.48,  58.55;  H  5.53,  5.38;  N  3.49,  3.43;  Cl  8.48,  8.52.  CsoH^OeN  *  HCl.  Calculated 
C  59.19;  H  4.96;  N  3.45;  Cl  8.73. 

We  could  not  isolate  specific  substances  from  the  other  6  zones. 

IV.  Alkaloids  of  Papaver  hybridum 

7  kg  of  plants  was  treated  as  described  above.  From  the  ethereal  fraction,  we  obtained  7  g  and  from  the 
chloroform,  2  g  of  non- crystalline  bases.  The  alkaloid  content  was  0.12%  of  the  weight  of  dry  plant. 

An  alcoholic  solution  of  the  bases  from  the  ethereal  fraction  was  acidified  with  concentrated  hydrobromic 
acid;  the  hydrobromide  of  pagibrine  came  down,  yield  3.2  g,  thin  needles,  m.p.  204*  with  decomposition  (from 
water).  [a]j5  +  44.6*  (c  =  0.83;  water). 

Found  %:  C  48.25,  48.29;  H  5.23,  5.42;  N  5.02,  5,32;  Br  28.45,  28.17.  C22H30O4N2  ’  2HBr.  Calculated  %r 
C  48.19;  H  5.88;  N  5.10;  Br  29.14. 

The  base,  isolated  from  the  hydrobromide  by  the  usual  method,  was  an  amorphous  light  yellow  substance, 
soluble  in  all  ordinary  solvents  except  petroleum  ether. 

Found  %:  M  375  (according  to  Rast).  C22H3o04N2.  Calculated  %:  M  386. 

The  hydroiodide  of  pagibrine  was  obtained  in  acetone  solution  in  the  form  of  prisms,  m.p.  200*  with  de- 
com]>osition  (from  water). 

V.  Alkaloids  of  Roemeria  hybrida 

1.2  kg  plants  was  treated  as  previously  described.  From  the  ethereal  fraction,  we  obtained  7  g  and  from 
the  chloroform  —  2.5  g  non- crystalline  bases.  The  alkaloid  content  was  0.8%  of  the  weight  of  dry  plant. 

The  bases  from  the  ethereal  fraction  were  rubbed  with  a  small  quantity  of  methanol;  we  isolated  0.5  g 
protopine.  The  bases  from  the  mother  liquors  were  dissolved  in  acetone  after  isolation  of  protopine;  upon  acid¬ 
ification  with  alcoholic  hydrochloric  acid,  2.4  g  crystalline  hydrochloride  separated  out.  The  base,  isolated 
from  this  hydrochloride,  crystallized  upon  being  rubbed  with  acetone;  we  isolated  0.2  g  of  remeridine  in  the 
form  of  colorless  needles,  m.p.  228-230*  (from  acetone).  The  substance  was  readily  soluble  in  chloroform, 
alcohol,  less  in  acetone;  with  Fried's  reagent  it  gave  an  intense  brown-violet  coloration. 

Found  %:  C  69.97,  70.05;  H  7.29,  7.25;  N  7.75,  7.87;  OH  3.30,  3.67;  OCH3  17.63.  M  545  (according 
to  Rast).  C31H39O5N3.  Calculated  %:  C  69.77;  H  7.36;  N  7.87;  lOH  3.18;  3OCH3  17,44.M  534. 
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Remeridine  hydrochloride  melted  at  258-260*  (from  water). 

Found  Cl  12.01.  CjjHjgOsNa  •  HCl.  Calculated  Cl  11.69.  ••  •  * 

From  the  chloroform  fraction,  after  rubbing  with  methanol,  we  isolated  0.15  g  base  in  the  form  of  color¬ 
less  needles,  m.p.  230*;  a  sample  mixed  with  remeridine  gave  a  sharp  melting  point  depression. 

VI.  Alkaloids  of  Papaver  pavoninum 

5.4  kg  of  plants  was  treated  as  previously  described.  From  the  ethereal  extract  we  obtained  2.5  g  from 
the  chloroform  —  3  g  of  dark  non- crystalline  bases.  The  alkaloid  content  was  0.1%  of  the  weight  of  dry  plant. 
From  the  bases  of  the  ethereal  fraction,  after  rubbing  with  methanol,  we  isolated  0.1  g  protopine.  After  isolation 
of  protopine,  the  alkaloids  from  the  mother  liquors  were  dissolved  in  10%  H2SO4,  the  solution  was  alkalized 
with  20%  NaOH  and  the  bases  were  extracted  with  ether.  After  evaporation  of  the  ether,  treatment  with 
acetone,  from  the  residue  0.1  g  of  substance  separated  out,  m.p.  157-159*  (from  ethyl  acetate);  mixing  with 
a -allocryptopine  gave  no  melting  point  depression.  The  acetone  mother  liquor  was  acidified  with  alcoholic 
hydrochloric  acid;  0.3  g  hydrochloride  came  down,  m.p.  248-250*  (from  alcohol).  The  base,  isolated  from  the 
hydrochloride  (0,2  g),  partially  crystallized  upon  standing.  After  treatment  with  acetone,  we  isolated  0.1  g 
of  substance,  m.p.  226-228*  (from  alcohol);  mixing  with  remeridine  gave  no  melting  point  depression. 

VII.  Alkaloids  of  Chelidonium  majus 

8  kg  plants  was  treated  as  the  previous  plants.  Upon  shaking  a  dichloroethane  extract  with  10%  H2SO4, 
an  orange  precipitate  of  sulfates  (2  g)  came  down.  After  alkalization  with  aqueous  ammonia,  from  the  aqueous 
solution  we  extracted  53  g  of  non- crystalline  bases  with  chloroform.  The  alkaloid  content  was  0.7%  weight  of 
dry  plant. 

From  the  sulfates,  difficultly  soluble  under  the  conditions  described  in  the  literature  [4],  we  isolated:  a 
base  which  melted  at  240-242*  (from  ether),  evidently  sanguinarine  (literature  gives  m.p.  242-243*)and  a 
tartrate  that  melted  at  210-213*  (from  alcohol),  evidently  the  tartrate  of  chelerythrine  (literature  gives  m.p. 
214-216*). 

The  total  bases  from  the  chloroform  extract  was  rubbed  with  a  small  quantity  of  methanol  and  from  the 
undissolved  residue  (6  g),  after  three  crystallizations  from  a  mixture  of  alcohol  and  chloroform,  we  isolated 
1  g  of  chelidamine—  faintly  yellow  needles,  m.p.  204-205*. 

The  substance,  readily  soluble  in  chloroform,  poorly  —  in  alcohol,  acetone  and  in  ether,  insoluble  in 
water  and  in  alkalis,  was  unchanged  by  the  action  of  diazomethane  in  methanol;  a  mixture  with  protopine 
gave  a  sharp  melting  point  depression,  [a]p— 316.9*  (c  =  4.4;  CHClj). 

Found  %:  C  70.46;  H  5,47,  5.43;  N  4.47,  4.35.  C19H19O4N.  Calculated  %:  C  70.14;  H  5.88;  N  4.30. 

Chelidamine  hydrochloride  was  obtained  by  acidifrcation  of  the  chloroform  solution  of  the  base  with 
alcoholic  hydrochloric  acid;  recrystallized  from  water,  it  melted  at  254-256*. 

Found  %:  C  62.61,  62.60;  H  5.28,  5.02;  N  4.10,  3.77;  Cl  10.11.  C19H19O4N  •  HCl.  Calculated  %:  C  63.00; 
H  5.77;  N  3.78;  Cl  9.80. 

Chelidamine  methiodide  was  obtained  by  boiling  a  solution  of  the  base  in  methanol  with  an  excess  of 
methyl  iodide  for  2  hours;  it  melted  at  275*  (from  water). 

The  bases  obtained  from  the  mother  liquors  after  isolation  of  chelidamine,  were  dissolved  in  107©  HCl; 
the  solution  was  repeatedly  extracted  with  chloroform.  From  the  chloroform  extract  we  obtained  20  g  non¬ 
crystalline  hydrochlorides  which  were  converted  to  the  bases;  from  the  latter,  we  isolated  1  g  protopine.  After 
alkalization  with  10%  NaOH,  extraction  of  the  aqueous  hydrochloric  acid  solution  by  chloroform  yielded  25  g 
non-crystalline  bases,  which,  upon  treatment  with  acetone,  yielded  2  g  of  protopine.  The  acetone  mother  liquor 
was  concentrated;  after  addition  of  alcoholic  hydrochloric  acid  to  the  residue,  we  isolated  5  g  of  insoluble  hydro¬ 
chloride,  m.p.  300*  (from  water).  The  base,  isolated  from  the  hydrochloride,  melted  at  133*  (from  alcohol), 

[a]D  +  110*  (c  =  3.6;  CHClj). 

Found  %:  C  65.41;  H  5.72;  N  3.33.  C20H19O5N.  Calculated  %:  C  64.85;  H  5.44;  N  3.78. 

The  hydrochloride  prepared  from  the  base  melted  at  295*  (from  alcohol). 

Found  %:  C  61.90;  H  5.00;  N  3.51.  C20H19O5N  •  HCl.  Calculated  %:  C  61.62;  H  5.17;  N  3.59. 


The  pn^erties  and  composition  of  the  alkaloid  isolated  proved  that  it  was  chelidonine,  (CigHuC^N, 
m.p.  136*,  [a]p  +  115*). 

SUMMARY 

The  alkaloidal  content  of  11  types  of  plants,  belonging  to  the  poppy  familY(Papaveraceae) ,  was  investi” 
gated:  Fumaria  Schleichen  Soy-Will.,  F.  micrantha  Lag.,  F.  Vaillantii,  Papaver  hybridum  L,,  P.  pavoninum, 
Roemeiia  hybrlda,  Glaucium  comiculatum,  C,  flavum,  G.  Squamigenim  Kar.  and  Kir.,  Chehdonium  majus, 
Hypecoum  penduliun. 

The  following  new  alkaloids  were  isolated:  fumandine  (C23Hr(C%N2),  tumaramine 
fumaritine  (CuHjiO^N),  fumarinine  (Ci^is04N),  fumvailine  (CnHi^O^N),  pagibiine  (C22H3e04N2),  remeridme 
(CS1H29O5N3)  and  chelidaraine  (Ci9H|,04N). 
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CONJUGATED  ADDITION  REACTIONS  OF  HALOGENS  TO  OLEFINS 

V.  NITROGEN  6 -IIALOALKYLATION 

A.  I.  Titov  and  V.  G.  Kuzmin 


The  studied  reactions  of  halogens  (Xj)  with  olefins  were  called  conjugated  for  the  reason  that  they  draw 
a  third  component  into  reaction,  for  example  A— H,  in  itself  not  reacting  with  the  multiple  (double)  bond: 

-6  -6 

X2+  CHj:=:CH2+  A-H  — *  X-CH2-CH2-A+  MX.  (1) 

In  our  opinion,  first  developed  in  1943-1946  [1],  these  conjugated  reactions  begin  with  the  formation  of 
G>mplex  (2)  as  the  result  of  the  rr -electrons  of  tlie  olefin,  shown  in  the  scheme  by  a  small  bow,  entering  into 
tijc  sphere  of  the  electropliilic  halogen  [2]; 


♦  6 
CHo 

X-X---(|  .  (2) 

CH, 

In  part,  our  postulations  have  some  general  features  in  common  with  the  hypothesis  of  Dewar  on  the 
mechanism  of  bromine  cation  addition  to  etliylene  [3]. 

Due  to  the  high  electrophilic  properties  possessed  by  the  carbons  (+6)  and  their  spatial  accessibility,  and 
also  because  of  the  possibility  of  augmenting  the  indicated  electron  shifts  during  chemical  reaction,  the  Complex 
(2)  is  a  vigorous  6 -haloalkylation  agent,  for  example,  for  the  A  anions  or  the  :  A— II  molecules,  which  leads 
to  the  realization  of  the  conjugated  reaction: 


X-X  + 


CH, 

(I 

CH, 


„  CH,  ^  CHj— -;a-h 

X--X---(I  +: pH  —-X-X— -(I  -^X  +X-CH2-CH2-A:  +H  .  (3) 

CH,  CHj 

^  ®  /rruix  bcii  cenp/ex 

In  previous  communications  [■^-6]  we  described  various  examples  of  6 -haloalkylation  on  the  halogen  and 
oxygen  atoms  of  suitable  compounds.  These  reactions  proceeded  with  special  success  in  the  cases  where  strong 
acids  were  used  as  the  third  component  A— H.  Tlie  reactions  for  oxygen  6 -haloalkylation  were  always  ac¬ 
companied  by  the  greater  or  less  formation  of  the  dihalo  compounds  X— CH2— CII2— X,  since  the  hydrogen  halide 
II— X  arising  in  Equation  (1),  and  especially  the  halogen  anion,  also  easily  react  witli  the  complex  (to  distinguish 
between  the  two  tlie  halogen  from  tiie  anion  is  underlined): 

X-X  ■< — +  X"  — *  X'  +  X-CII2-CH2-X  (4) 
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This  circumstance  was  the  chief  obstacle  to  the  successful  realization  of  the  desired  conjugated  reaction. 
In  the  present  study  we  realized  the  0 -haloalkylation  of  nitrogen  by  the  conjugated  reaction  method: 


Xj  +  CH2=CHj+  H-N 


X-CHj-CHj-N^  +  HX. 

'"Z 


(5) 


We  failed  to  find  any  information  in  the  literature  on  the  possibility  of  realizing  such  reaction.  Of  some 
interest  were  the  studies  on  the  reaction  of  N-haloamines  and  haloamides  with  olefins,  since  at  the  start  of  our 
work  we  did  not  exclude  the  possibility  of  the  conjugated  reaction  proceeding  through  the  intermediate  formation 
of  the  N-halo  derivatives: 


X2+  H-N 


X-N  +  HX, 


(6) 


^N-X+CH,=  CH,  — »  ^N-CHj-CHj-X 


(7) 


At  any  rate,  from  previous  data  [7-10]  and  from  our  experiments  with  N-dichlorobenzenesulfonamide  and 
N-bromomethylbenzenesulfonamide,  it  follows  that  for  all  practical  purposes  ethylene  fails  to  enter  into  this 
type  of  reaction. 

In  our  first  experiments  of  running  the  (5)  type  of  conjugated  reactions  we  used  disulfonimides  [11]  of  the 
ArSOj— NH— SOjAr*  type  as  the  third  component,  possessing  a  well-defined  acid  character,  which  permitted  us 
to  hope  that  they  would  behave  just  like  ordinary  acids  in  the  conjugated  reactions.  However,  the  experiments 
on  the  reaction  of  ethylene  with  halogens  in  the  medium  of  the  disulfonimide  p-CH8CgH4SC^NHS02CgH5  at 
120*  and  in  o-CHgCgHgSOiNHSOjCgHs  at  room  temperature  and  at  60*  failed  to  justify  this  hope  —  the 
XCHjCHjNfSOjArjj  was  not  formed,  and  the  reaction  mass  was  completely  soluble  in  dilute  soda  solution.  It  is 
possible  that  chemical  reaction  was  made  difficult  here  because  of  steric  hindrance. 

The  experiments  on  the  reaction  of  ethylene  with  bromine  and  chlorine  in  N-methylbenzenesulfonamide 
medium  led  to  a  partial  realization  of  the  desired  conjugated  reaction: 


Brj+  CH2=CHj+  HNfCHjjSOjCgHs  — ►  BrCHjCHjNfCHjjSpjCgHs  +  HBr,  (8) 

but  in  the  main  the  reaction  proceeded  with  the  formation  of  the  dihaloethane  in  accord  with  the  (4)  type  of 
reaction.  As  a  result,  of  the  two  reactions  possible  for  the  complex  that  of 


Aj.+  CHg— CHj 


X^X 


X‘+  XCH2CH2N(CH3)S02CgH5 


X~+  XCHjCHjX  + 


+ 
+  H 


(9) 


(10) 


direction  (10)  predominated  —  the  activity  of  the  sulfonamide  proved  to  be  considerably  less  than  that  of  the 
hydrogen  halide  or,  more  probably,  its  solvate. 

The  structure  of  the  6-chIoroethylmethylbenzenesulfonamide  ClCHjCHjNfCHgjSOjCgHs  and  6-bromo- 
ethylmethylbenzenesulfonamide  BrCHjCHjNCCHgjSOjCgHg,  obtained  by  the  conjugated  reaction  method,  was 
proved  by  establishing  the  identity  of  these  products  with  the  compounds  that  we  had  synthesized  by  the 
alkylation  of  potassium  methylbenzenesulfonamide  with  either  the  corresponding  6-haloethyl  sulfates  or  aryl 
sulfonates,  for  example,  in  accord  with  the  equation: 
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p-CH3CjH4S02CH2CH2Br  +  KN(CHs)S02C6H5  — ► 

— BrCH2CH2N(CH3)S02CeH5+ p-CH5C,H4SOjK.  (11) 

If  the  absence  of  the  reaction  between  CjH5S02N(CH3)Br  and  C5H5S02N(CH3)C1  with  ethylene  is  taken  into 
consideration,  then  our  syntheses  of  6  -haloethylsulfonamides  by  the  reaction  of  halogens  with  an  olefin  in  the 
sulfonamide  medium  is  direct  proof  that  the  conjugated  addition  processes  proceed,  not  through  the  intermediate 
reaction  of  the  halogens  with  the  third  component  by  the  (6)  and  (7)  equation  types,  but  actually,  by  the  con¬ 
jugation  reaction  mechanism  in  the  narrow  sense  of  the  word,  for  example,  by  Equation  (9). 

EXPERIMENTAL 

1.  Alkylation  of  potassium  methylbenzenesulfonamide  with  B-haloethyl  esters  of  strong  acids,  a)  Pre¬ 
paration  of  fi -chloroethylmethylbenzenesulfonamide.  A  mixture  of  11.0  g  potassium  methylbenzenesulfonamide 
and  11.8  g  dichlorodiethyl  sulfate  was  heated  for  4  hours  at  65*.  The  product  was  mixed  with  20  ml  water  and 
30  ml  ether  and  the  organic  layer  was  then  treated  with  10  ml  5*70  caustic  potash.  After  drying  with  sulfate  and 
evaporation  of  the  ether,  9.1  g  of  oil  remained  in  the  flask  which  crystallized  upon  being  rubbed  with  a  small 
rod.  After  crystallization  from  alcohol,  we  isolated  4.6  g  pure  6-chloroethylmethylbenzenesulfonamide  which 
melted  as  per  literature  data  at  65*  [12].  Alkylation  with  6-chloroethylbenzenesulfonate  gave  a  slightly  smaller 
yield  of  product. 

Found  Cl  15.35.  C9H12O2NSCI.  Calculated  <7o:  Cl  15.17. 

The  product  was  prepared  previously  by  Marckwald  and  Frobenius  by  the  action  of  N-methylethyleneimine 
on  benzenesulfochloride  [12]. 

Br-H  -  NH(CH3)S02CjH5. 

In  our  experiments  B -chloroethylmethylbenzenesulfonamide  readily  distilled  in  vacuum;  b.p.  178*  at  7  mm 
and  167*  at  3  mm.  The  boiling  point  of  unsubstituted  methylbenzenesulfonamide  (189*  at  7  mm)  was  slightly 
higher,  due  apparently,  to  the  presence  of  hydrogen  bonds. 

b)  Preparation  of  B-bromoethylmethylbenzenesulfonamide.  A  mixture  of  4.2  g  potassium  methylbenzene¬ 
sulfonamide  and  5.6  g  of  6 -bromoethyl-p-toluenesulfonate  was  heated  and  treated  as  described  above.  After 
evaporation  of  ether,  5.4  g  oil  remained.  The  fraction  of  this  oil  which  boiled  at  170-180*  solidified  upon  cool¬ 
ing.  Upon  recrystallization  from  alcohol,  small  colorless  prisms,  m.p.  76*,  separated  out.  Analysis  of  the  product 
and  its  properties  showed  it  to  be  the  previously  unknown  0 -bromoethylmethylbenzenesulfonamide. 

Found  %:  Br  28.49,  28.56.  C9Hi202NSBr.  Calculated  ’’Joi  Br  28.73. 

2.  B-Haloalkylation  of  methylbenzenesulfonamide  by  the  method  of  coupling  reactions,  a)  Preparation 
of  0-chloroethylmethylbenzenesulfonamide.  A  fusion  of  100  g  of  distilled  methylbenzenesulfonamide,  with 
mechanical  stirring,  was  saturated  in  a  glass  reactor  [2,  4]  in  the  course  of  20  hours  with  chlorine  and  ethylene 
(a  slight  excess  of  the  latter)  until  50  g  weight  addition.  Dichloroethane  (42  g)  was  driven  off  from  the  reaction 
product  and  the  residue  was  then  distilled  at  197-200*  (11  mm).  This  fraction  was  treated  with  250  ml  of  4  % 
caustic  soda  solution  to  extract  the  methylbenzenesulfonamide  from  it.  The  insoluble  crystalline  precipitate, 
m.p.  60-61*,  was  quite  pure  0 -chloroethylmethylbenzenesulfonamide.  After  crystallization  from  alcohol,  it 
melted  at  64*  and  gave  no  melting  point  depression  when  mixed  with  the  product  obtained  by  alkylation  with 
dichlorodiethyl  sulfate.  Its  yield  was  11  g  (about  10%  based  on  the  sum  of  reaction  products). 

b)  90  g  of  bromine  was  poured  in  separate  portions  into  a  fusion  of  70  g  of  N-methylbenzenesulfonamide 
with  mechanical  stirring  and  the  reaction  mixture  was  then  saturated  with  15  liters  of  ethylene.  90  g  of  dibromo- 
ethane  was  then  driven  off  from  the  reaction  mixture  at  48*  (23  mm).  The  residue  was  treated  in  several  stages 
with  250  ml  of  4%  caustic  soda  solution.  The  insoluble  crystalline  0-bromoethylmethylbenzenesulfonamide, 
m.p.  74*,  weighed  9.2  g.  After  crystallization  from  alcohol,  the  product  melted  at  76-77*  and  gave  no  melting 
point  depression  in  a  sample  mixed  with  0 -bromoethylmethylbenzenesulfonamide  prepared  by  the  alkylation  of 
potassium  methylbenzenesulfonamide  with  0 -bromoethyl-p-toluenesulfonate. 

3.  Reaction  of  ethylene  with  N-halomethylbenzenesulfonamides.  50  g  of  N-chloromethylbenzenesulfon- 
amide  was  saturated  with  ethylene  at  60*  in  a  reactor  with  mechanical  stirring.  After  all  the  air  had  been 
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removed  and  the  apparatus  was  hermetically  sealed,  no  signs  of  ethylene  absorption  were  apparent.  The  same 
results  were  obtained  in  an  experiment  with  a  mixture  of  N-bromomethylbenzenesulfonamide  and  dichloro- 
ethane. 

SUMMARY 

1.  The  0-haloalkylation  of  nitrogen  was  accomplished  by  the  method  of  conjugated  reactions;  the  re¬ 
action  of  halogens  with  ethylene  in  N-methylbenzenesulfonamide  medium  gave  6 -chloroethylm  ethylbenzene - 
sulfonamide  and  B  -bromoethylmethylbenzenesulfonamide. 

2.  It  was  found  that  the  N-bromo  and  N-chloromethylbenzenesulfonamides  fail  to  react  with  ethylene, 
and  thus  it  was  directly  shown  that  the  conjugation  reaction,  proceeding  in  accord  with  Equation  (1)  through  the 
intermediate  formation  of  N-haloamides,  is  absent. 
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THE  MECHANISM  OF  INHIBITOR  ACTION 


L.  I.  Kashtanov  and  N.  V.  Kazanskaya 


We  had  established  that  the  same  inhibitors  can  exert  a  hindering  action  on  the  oxidation  of  extremely 
different  substances.  In  addition,  the  oxidation  of  the  same  substance  can  be  inhibited  by  different  inhibitors 
[1]. 

Below, in  Table  1,  we  present  some  additional  material  to  that  published  earlier  and  the  action  of  different 
inhibitors  is  compared  (our  new  data  are  marked  with  an  asterisk). 

From  the  data  in  Table  1  it  can  be  seen  that  a  close  interrelationship  exists  between  the  inhibitors  and  the 
inhibited  substance.  It  is  even  possible  to  make  the  definite  postulation  that  the  same  inhibitor  can  inhibit  any 
oxidative  process. 

All  of  our  presented  inhibitors  show  polarity,  and  the  dipole  moment  of  the  inhibitor  possesses  great  sig¬ 
nificance  in  hindering  oxidation  reactions  [3,  4,  5].  It  was  shown  that  hydroquinone,  p-aminophenol,  glycerol, 
p-phenylenediamine  and  pyrocatechol,  being  inhibitors  for  the  oxidation  of  sodium  sulfite,  are  in  turn  them¬ 
selves  inhibited  by  sodium  sulfite  [14],  Attention  is  drawn  to  the  fact  that  phenol  [25]  and  hydroquinone  [14]  are 
stabilizers  for  sodium  sulfite  and  for  sulfur  dioxide,  while  sodium  sulfite  is  in  turn  a  stabilizer  for  phenol  [7]  and 
hydroquinone  [14].  It  was  established  that  phenol  and  hydroquinone  give  compounds  of  the  solvated  type  with 
sulfur  dioxide  [12,  16].  These  data  were  again  confirmed  by  us  when  we  studied  the  mechanism  of  the  inhibiting 
action  shown  by  aromatic  amines  [4];  in  this  study  we  isolated  some  unstable  compounds  between  the  inhibitor 
and  inhibited  substance.  In  addition,  we  isolated  the  solvated  type  of  compound  for  pyrogallol  and  pyrocatechol 
with  sulfur  dioxide  [16]. 

Wieland  and  Franke  [7],  wh*  explained  the  hindering  action  exerted  by  sodium  sulfate  on  the  oxidation  of 
ferrous  chloride  as  being  due  to  the  formation  of  a  complex  salt,  also  arrived  at  similar  conclusions.  Having 
studied  the  action  of  inhibitars,  S.  A.  Balezin  [13],  and  N.  F.  Ermolenko  and  E.  N.  Novikova  [5]  also  adhere  to 
the  same  viewpoint. 

As  a  result,  the  mechanism  of  inhibitor  action  consists  in  the  formation  of  unstable  compounds  between 
the  inhibitor  and  substance  being  inhibited. 

We  ran  some  experiments  on  the  oxidation  of  sodium  sulfite  in  the  presence  of  hydrochloric  acid, 
urotropine  (hexamethylenetetramine)  and  peroxide-free  diethyl  ether.  The  apparatus  used  for  the  experiments 
and  the  experimental  conditions  were  described  earlier  [1],  The  inhibitors  were  used  in  concentration  of  0.05 
and  O.lfo.  The  experimental  data  are  given  below  in  Table  2. 

As  can  be  seen  from  the  data  given  in  Table  2,  hydrochloric  acid  functions  as  an  inhibitor;  its  retarding 
action  on  the  oxidation  of  sodiuni  sulfite  is  stronger  than  that  of  urotropine.  Diethyl  ether  shows  the  greatest 
retarding  action  on  the  oxidation  of  sodium  sulfite.  As  a  result,  our  experimental  data  revealed  that  diethyl 
ether  is  not  only  an  inhibitor  for  the  oxidation  of  benzaldehyde  and  stannous  chloride,  but  also  for  sodium  sulfite. 
Hydrochloric  acid  inhibits  the  oxidation  of  not  only  hydrogen  sulfide  and  ferrous  chloride,  but  also  of  sodium 
sulfite.  In  turn  urotropine  inhibits  the  oxidation  of  hydrogen  sulfide  and  sodium  sulfite.  Our  experimental  data 
show  good  agreement  with  the  data  of  S.  A.  Balezin  and  S.  S.  Gerasimov  [8],  who  also  found  that  hydrochloric 
acid  IS  a  stronger  inhibitor  for  the  oxidation  of  hydrogen  sulfide  than  is  urotropine. 
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TABLE  1 


Expt.  Nos. 

Inhibitor 

Inhibited  substance 

1 

Sulfur  dioxide  and  sodium  sulfite 

Phenol  [7],  hydroquinone  [14,  2],  p-aminophenol  [14], 
glycerol  [14,  17],  p-  phenylenediamine  [14],  pyro- 
catechol  [14],  benzaldehyde  [18Ji  FeCl]  [7j. 

2 

Hydroquinone 

Gasoline  [15],  isopropyl  ether  [24],  fish  and  sea-life 
oils  [26],  benzaldehyde  [7],  H3PO2  [7],  NajSOj  [14], 
HjAsO^  [7j,  Olefins  [7],  isostilbene  [7],  acetaldehyde 
[7]. 

3 

Aniline 

Rubber  [27j,  Sn**  [7],  Fe*’  [7],  benzaldehyde  [22], 
NajSOj  [1] 

4 

m-Toluidine 

NajSOj  [1] 

5 

o-Toluidine 

NazSO,  [1] 

6 

p-Toluidine 

NajSOj  [1] 

7 

Stannous  tin 

Fe"  [19],  NajSOj  [23] 

8 

Camphor 

Na2SOs  [7],  HaS  [11] 

9 

Glycerol 

HjS  [6],  NajSOj  [18] 

10 

Phenol 

Na2S03  [25],  SnCl4  [10],  chloioform  [7],  lubbei  [7] 

11 

Urotropine 

HjS  [8],  Na^SO,  • 

12 

Diethyl  ether 

Na2S03  • ,  SnCl2  [9],  benzaldehyde  [7] 

13 

Pyrogallol 

Olefins  [20],  hexaphenylethane  [7],  unsaturated  oils  ar 
vitamins  [7],  dipentene  [5],  triphenylmethyl  [21] 

14 

a-Naphthol 

HzS  [7],  gasolmc  [15] 

15 

Aminophenol 

FeCl2  [22],Na2SOj  [22] 

16 

6-Naphthol 

Dipentene  [5] 

17 

a-Naphthylamine  aldol 

Rubber  [1],  NaiSO,  [1] 

18 

Phenyl-  B  -  naphthylamine 

Rubber  [1],  Na2SOs  [1] 

19 

a -Naph  hylamine 

Olefins  [20],  organic  monomers  [20] 

20 

B-Napthylamine 

Olefins  [20],  organic  monomers  [20] 

21 

Hydrochloric  acid 

H2S  [8],  Na2SOj  •  ,  FeClj  [7] 

22 

Formaldehyde 

H2S  [8],  benzaldehyde  [7],  Na2SOj  [13] 

TABLE  2 


Inhibitor 

Deg 

ree  of  NajSOy  oxidation  (in  ’’jo)  with  time  (in  minutes) 

5 

15 

25 

35 

45 

55 

0.05^  Urotropine  solution 

13.7 

27.2 

36.2 

50.9 

58.1 

65.4 

0.1<^  Urotropine  solution 

13.0 

23.4 

35.6 

42.6 

44.3 

47.9 

0.16^  Hydrochloric  acid  solution 

4.4 

-  5.3 

5.3 

7.1 

8.3 

10.7 

Diethyl  ether 

2.8 

2.8 

2.8 

2.8 

2.8 

2.8 

Without  inhibitor 

13.9 

41.3 

1 

69.0 

94.8 

98.2 

100 

SUMMARY 

1.  The  constancy  of  the  mechanism  of  inhibitor  action  in  the  retardation  of  oxidative  reactions  was  es¬ 
tablished. 

2.  The  inhibitor  forms  a  solvate-type  of  compound  with  the  substance  being  inhibited,  which  selves  as  the 
reason  for  the  hindering  effect. 
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ACETYLENE  DERIVATIVES 

171.  HETEROCYCLIC  COMPOUNDS.  XXXII.  HYDRATION  OF  HETEROCYCLIC  ALCOHOLS  AND  GLYCOLS 

OF  THE  ACETYLENE  SERIES 

I.  N.  Nazarov  and  L.  N.  Ivanova 


The  hydration  of  heterocyclic  acetylene  and  vinylacetylene  alcohols  has  remained  completely  unstudied 
up  to  now.  It  appeared  of  interest  to  realize  such  hydration  as  being  a  method  capable  of  leading  to  the  synthesis 
of  compounds,  deserving  attention  for  their  physiological  activity. 

The  hydration  of  the  low-melting  and  high-melting  isomers  of  l,2,5-trimethyl-4-ethynyl-4-piperidol 
(m.p.  110-111*  and  177-178*  [1])  in  dilute  sulfuric  acid,  in  the  presence  of  mercuric  sulfate,  leads  to  the 
formation  of  the  a-  and  6 -isomers  of  l,2,5-trimethyl-4-acetyl-4-piperidol  with  m.p.  129-130*  and  59-60*, 
respectively. 


HO-^  .C=CH 

HOx^^CO— CH3 

H3C-/S 

10%H^04 

HfSO,  ^ 

1  -CH3 

N 

1 

CH3 

1 

CH3 

a-isomer  (I),  m.p.  110-111*; 

a-isomer  (III),  m.p.  129-130*; 

6 -isomer  (II),  m.p.  177-178*; 

0 -isomer  (IV),  m.p.  59-60T. 

The  reaction  of  the  l,2,5-trimethyl-4-acetyl-4-piperidol  a-isomer  (III)  with  benzoyl  chloride  gave  the 
benzoate  a-isomer  (V)  with  b.p.  187-188*  at  2  mm.  Under  similar  conditions  the  l,2,5-trimethyl-4-acetyl-4- 
piperidol  6 -isomer  (IV)  gave  the  benzoate  S -isomer  (VI)  with  m.p.  100-101*. 


HO^^CO-CHg 

CsHfiCOO-^^CO— CH; 

^  C.H,COCl 

y-cH, 

X 

u 

1 

CH3 

CH3 

a-isomer  (III),  m.p.  129-130*; 
6 -isomer  (IV),  m.p.  59-60*. 


a-isomer (V),  liquid; 

6 -isomer  (VI),  m.p.  100-101*. 


The  stable  crystalline  hydrochlorides  of  both  benzoate  isomers  of  l,2,5-trimethyl-4-acetyl-4-piperidol 
(m.p.  170-171*  and  155-156*)  were  tested  pharmacologically.  The  testing  revealed  that  these  compounds 
possess  fairly  strong  anesthetic  activity  and  exceed  that  of  novocaine  by  approximately  2-2.5  times.  The  benzo¬ 
ate  a -isomer  is  the  more  active  of  the  two.  However,  both  of  these  compounds  show  fairly  strong  irritant  action. 

We  also  studied  the  hydration  of  the  two  isomers  (VII)  and  (VIII)  of  l,2.5-trimethyl-4-vinylethynyl-4- 
piperidol  with  m.p.  82-83*  and  112-112.5*,  respectively.  The  isomer  of  this  alcohol  with  m.p.  112-112.5*  was 
previously  unknown;  it  is  the  third  isomer  in  addition  to  the  first  two  witli  m.p.  82-83*  and  96-97*,  obtained 
earlier  in  our  laboratory  [1]. 


H0^C=C-CH=CH2  ho.  ^COCHaCH^CHa 


a -isomer  (VII);  m.p.  82-83*; 
y- isomer  (VIII).  m.p.  112-112.5*. 


a -isomer  (IX),  liquid; 
y -isomer  (X),  liquid. 


The  hydrogenation  of  the  double  bond  and  the  esterification  of  the  hydroxyl  group  present  in  the  two 
isomeric  keto  alcohols  (IX)  and  (X)  obtained  in  this  manner  can  lead  to  a  series  of  compounds  with  physiological 
activity. 

We  also  realized  the  hydration  of  the  two  heterocyclic  acetylene  y -glycols  (XI)  and  (XIII),  containing 
the  piperidine  ring  and  described  in  the  previous  communication  [2].  Similar  to  the  aliphatic  and  alicyclic 
acetylene  y -glycols  [3],  this  hydration  proceeds  with  the  formation  of  tetrahydrofuranones,  i.e.  together  with 
hydration  of  the  triple  bond  there  occurs  the  cleavage  of  water  at  the  expense  of  the  hydroxyl  groups.  The  heat¬ 
ing  of  the  acetylene  glycol  (XI)  with  10%  sulfuric  acid  in  the  presence  of  mercuric  sulfate  gave  the  tetrahydro- 
furanone  (XII)  in  about  50%  yield: 


/CH3 

c=c— 

I  OH  ^0%H:SO, 


CH3CO— CHj 


H.sor 


CH3  (xr) 


The  hydration  of  the  acetylene  glycol  (XIII)  under  similar  conditions  leads  to  the  formation  of  the  tetra- 
hydrofuranone  (XIV)  with  two  spiran  rings: 


c 

H3C-/ 


L  ;-ch3  I  I 

I 

CH3  (Xlfl) 


H3C-N< 


I  CO— CH2 

\l  1/  \ 


EX  PERIMENTAL 

g-Isomer  of  l,2,5-trimethyl-4-acetyl-4-piperidol  (IV).  4  g  mercury  sulfate,  80  ml  water  and  8  ml  sulfuric 


acid  (dj"  1.83)  were  placed  in  a  flask  fitted  with  stirrer  and  reflux  condenser.  Upon  stirring,  9.6  g  of  the  low- 
melting  isomer  of  l,2,5-trimethyl-4-ethynyl-4-piperidol  (I)  (m.p.  110-111*)  in  80  ml  of  water  was  added  to  the 
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reaction  mixture.  The  latter  was  heated  on  a  boiling  bath  for  8  hours.  The  next  day  the  solution  was  filtered, 
concentrated  in  vacuum,  the  residue  was  saturated  with  potash  and  the  supernatant  oil  was  extracted  with  ether. 
The  ethereal  extract  was  dried  with  potash,  the  ether  was  driven  off,  and  the  residue  crystallized.  We  isolated 
6.2  g  l,2,5-trimethyl-4-acetyl-4-piperidol  (III),  m.p.  129-130*  (from  petroleum  ether).  The  yield  was  58% 
based  on  the  acetylenic  alcohol  taken. 

Found  %:  C  65.32,  65.43;  H  10.56,  10.60;  N  7.56,  7.72.  CioHisO^N,  Calculated  %;  C  65.00;  H  10.25; 

N  7.60. 

6 -Isomer  of  l,2,5-trimethyl-4-acetyl-4-piperidol  (III).  2  g  mercury  sulfate,  20  ml  water  and  2  ml 
sulfuric  acid  (d^  1.83)  were  placed  in  a  flask.  Upon  stirring,  2.2  g  of  the  high-melting  isomer  of  1,2,5-tri- 
methyl-4-ethynyl-4-piperidol  (II)  (m.p.  177-178*)  in  20  ml  of  water,  was  added  to  the  reaction  mixture.  The 
latter  was  heated  over  a  boiling  bath  for  6  hours.  The  product  was  treated  as  described  above.  After  the  ether 
was  driven  off,  the  residue  crystallized.  We  isolated  1.7  g  l,2,5-trimethyl-4-acetyl-4-pipetidol  (IV),  m.p.  59- 
60*  (from  petroleum  ether,  boiling  range  40-60*).  The  yield  was  70%  based  on  the  acetylenic  alcohol  taken. 

Found  %:  C  65.70,  65.60,  H  10.31,  10.48;  N  7.80,  7.54.  Calculated  %:  C  65.00;  H  10.25; 

N  7.60. 

Benzoate  of  l,2,5-trimethyl-4-acetyl-4-piperidol  (a-isomer)  (V).  A  mixture  of  3  g  l,2,5-trimethyl-4- 
acetyl-4-piperidol  (III)  (m.p.  129-130*)  and  7  ml  benzoyl  chloride  was  heated  for  20  minutes  at  140-145*,  after 
which  we  added  7  ml  more  benzoyl  chloride  and  the  heating  was  continued  for  30  minutes  at  160-165*.  The 
benzoyl  chloride  was  driven  off  in  vacuum,  4  ml  of  water  was  added  and  the  neutral  products  were  extracted 
from  the  acidic  solution  with  ether.  The  aqueous  layer  was  treated  with  potash  and  the  supernatant  oil  was  re¬ 
peatedly  extracted  with  ether.  The  ethereal  extract  was  dried  with  sodium  sulfate,  the  ether  was  driven  off 
and  the  product  was  distilled  in  vacuum.  We  isolated  3  g  of  the  a-isomer  of  the  benzoate  of  1,2,5-trimethyl- 
4-acetyl-4-piperidol  (V),  b.p.  187-188*  at  2  mm.  The  yield  was  64%  based  on  the  keto  alcohol  taken  for  the 
reaction. 

Found  %:  C  70.75,  70.92;  H  8.09,  8.08;  N  4.84,  4.73.  CjtHzjOsN.  Calculated  %:  C  70.55;  H  8.01; 

N  4.85. 

The  hydrochloride  of  the  a-isomer  of  the  benzoate  of  l,2,5-trimethyl-4-acetyl-4-piperidol  (V)  melted 
at  170-171*  (from  alcohol). 

Found  %:  Cl  10.52,  10.64.  C17H24O5NCI.  Calculated  %:  Cl  10.88. 

Benzoate  of  l,2,5-trimethvl-4-piperidol  (B -isomer)  (VI).  0.5  g  l,2,5-trimethyl-4-acetyl-4-piperidol 

(IV)  (m.p,  59-60*)  and  2.5  ml  benzoyl  chloride  were  heated  20  minutes  at  140-145*.  2.5  ml  more  benzoyl 
chloride  was  then  added  and  heating  was  continued  for  30  minutes  at  160-165*.  Further  treatment  was  as 
described  above. 

After  the  ether  was  driven  off,  the  residue  (0.6  g)  crystallized.  We  isolated  0.35  g  of  the  6 -isomer  of  the 
benzoate  of  l,2,5-trimethyl-4-acetyl-4-piperidol  (VI),  m.p.  100-101*  (from  petroleum  ether  with  boiling  range 
40-60*).  The  yield  was  44.8%,  based  on  the  keto  alcohol  taken  for  the  reaction. 

Found  %:  N  4.87,  4.68.  C17H23O3N.  Calculated  %:  N  4.85. 

The  hydrochloride  of  the  8 -isomer  of  the  benzoate  of  l,2,5-trimethyl-4-acetyl-4-piperidol  (VI)  melted 
at  155-156*. 

Found  %:  Cl  10.80,  10.73.  C17H24O3NCI.  Calculated  %:  Cl  10.88. 

l,2,5-Trimethyl-4-vinylethynyl-4-piperidol.  41.5  g  powdered  caustic  potash  and  415  ml  dry  ether  were 
placed  in  a  round-bottomed  3-necked  flask  fitted  with  stirrer,  mercury  seal,  thermometer  and  dropping  funnel. 
61.7  g  l,2,5-trimethyl-4-piperidone  [4]  (b.p.  84*  at  14  mm,  n^  1.4590)  and  41.5  g  vinylacetylene  in  170  ml 
dry  ether  were  added  at  — 5*  in  the  course  of  2  hours  to  the  reaction  mixture  with  intense  stirring.  Stirring  with 
ice-water  cooling  was  continued  for  5  hours.  The  next  day  42  ml  water  was  added  at  — 5*,  with  stirring,  to  the 
reaction  mixture.  The  ethereal  layer  was  separated,  the  aqueous  layer  was  saturated  with  solid  caustic  potash 
and  repeatedly  extracted  with  ether.  The  ethereal  extract  was  neutralized  with  carbonic  acid  and  dried  with 
sodium  sulfate.  After  the  ether  was  driven  off,  the  residue  crystallized.  Fractional  crystallization  from  gasoline 
(boiling  range  80-100*)  yielded  33.7  g  of  the  0-isomer,  m.p.  96-97*,  16.4  g  of  the  low-melting  a-isomer  (VII), 
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m.p.  82-83*  and  2.5  g  of  the  high-melting  y-isomer  (VIII),  m.p.  112-112.5*.  Besides  this,  we  obtained  24.3  g 
of  an  unresolved  mixture  of  isomers.  The  total  yield,  based  on  the  piperidone  taken,  was  91*1^.  The  isomer  that 
melted  at  112-112.5*  was  isolated  first. 

Found  <55):  N  7.08,  6.98.  CuHijON.  Calculated  N  7.29. 

1.2.5- Trimethyl-4-vinylacetvl-4-piperidol  (IX).  9.7  g  l,2,5-trimethyl-4-vinylethynyl-4-piperidol, 

m.p.  82-83*(VII),  100  ml  10^  sulfuric  acid  and  2  g  of  mercury  sulfate  were  placed  in  a  flask.  The  reaction  mix¬ 
ture  was  heated  on  a  boiling  water  bath  for  10  hours.  The  solution  was  filtered,  concentrated  in  vacuum  and  the 
residue  was  saturated  with  potash,  extracted  with  ether  and  dried  with  sodium  sulfate.  After  the  ether  was  driven 
off,  the  product  was  distilled  in  vacuum.  We  isolated  4.7  g  of  substance,  b.p.  110-120*  at  5  mm.  After  a  re¬ 
peated  distillation,  we  isolated  2.3  g  l,2,5-trimethyl-4-vinylacetyl-4-piperidolXIX),  b.p.  105-107*  at  3  mm. 

The  yield  of  pure  product  was  22%. 

Found  %:  N  6.46,  6.45.  CuHjiOjN.  Calculated  %:  N  6.63. 

The  methiodide  of  l,2,5-trimethyl-4-vinylacetyl-4-piperidol  (IX)  melted  at  233-235* (from  alcohol). 

The  2,4-dinitrophenylhydrazone  of  the  methiodide  melted  at  339*  (with  decomp.). 

Found  %;  N  12.70,  13.00.  CijHjgOsNsI.  Calculated  %:  N  13.13. 

1.2.5- Trimethyl-4-vinylacetyl-4-piperidol  (X).  We  took  2.25  g  l,2,5-trimethyl-4-vinylethynyl-4- 
piperidol  (VIII)  (m.p.  112-112.5*),  50  ml  10%  sulfuric  acid  and  1  g  mercury  sulfate.  The  reaction  mixture  was 
heated  on  a  boiling  water  bath  for  3  hours.  The  treatment  was  continued  as  described  above.  We  isolated  1.5  g 
l,2,5-ttimethyl-4-vinylacetyl-4-piperidol  (X),  b.p.  115*  at  3  mm.  After  a  second  distillation,  we  isolated  0.9  g 
keto  alcohol  (X),  b.p.  105-107*  at  3  mm.  The  yield  of  pure  product  was  37%. 

Found  %:  N  6.62,  6.48.  CuHjiOjN.  Calculated  %:  N  6.63. 

The  methiodide  of  l,2,5-trimethyl-4-vinylacetyl-4-piperidol  (X)  melted  at  250-252*  (from  alcohol). 

2,2,6,8,9-Pentamethyl-l-oxa-8-azaspiro-(4,5)-decan-4-one  (XII).  1  g  mercury  sulfate  was  added  to  a 
solution  of  2.3  g  of  acetylenic  glycol  (XI)  (b.p.  148-149*  at  2  mm)  in  30  ml  10%  sulfuric  acid  in  a  flask  fitted 
with  stirrer  and  reflux  condenser.  Heating  on  a  boiling  water  bath  was  continued  for  6  hours.  The  solution  was 
filtered,  concentrated  in  vacuum,  the  residue  was  saturated  with  potash  and  the  supernatant  oil  was  extracted 
repeatedly  with  ether.  The  extract  was  dried  with  calcined  potash,  the  ether  was  driven  off  and  the  product 
was  vacuum -distilled.  We  isolated  1.42  g  spiranic  tetrahydrofuranone  (XII),  b.p.  108-110*  at  2.5  mm;  yield 
62%. 

df  0.9969,  1.4774,  MRp  63.81;  calc.  63.43. 

Found  %:  C  69.03,  69.24;  H  10.40,  10.36;  N  6.49,  6.47.  CijHzjOjN.  Calculated  %:  C  69.29;  H  10.29; 

N  6.22. 

The  methiodide  of  this  tetrahydrofuranone  (XII)  melted  at  286-287*;  the  2,4-dinitrophenylhydrazone  of 
the  hydrochloride  of  the  tetrahydrofuranone  melted  at  278-280*. 

Found  %:  N  15.90,  16.13.  CwHjgOsNsCl.  Calculated  %:  N  15.86. 

Spiro-2-cyclohexyl-6,8.9-trimethyl-l-oxa-8-azaspiro'(4,5)-decan-4-one  (XIV).  We  took  13.3  g  acetyl¬ 
enic  glycol  (XIII)  (b.p.  170-171*  at  1  mm)  dissolved  in  100  ml  of  10%  sulfuric  acid  and  2  g  of  mercury  sulfate. 
The  reaction  mixture  was  heated  on  a  boiling  water  bath  for  4  hours.  The  treatment  was  performed  as  described 
above.  We  isolated  7.2  g  tetrahydrofuranone  (XIV),  b.p.  152-153*  at  2  mm  (after  a  second  distillation);  yield 
54%. 

Found  %:  N  5.36.  Ci6H2702N.  Calculated  %;  N  5.27. 

The  methiodide  of  the  tetrahydrofuranone  melted  at  251-253*  (from  alcohol). 

Found  %:  N  3.40,  3.34.  CiTHggOjNI.  Calculated  %;  N  3.44. 

The  2,4-dinitrophenylhydrazone  of  the  methiodide  melted  at  218-220*. 

Found  %:  N  11.94,  11.99.  C25HS4O5N5I.  Calculated  %:  N  11.92. 


198 


SUMMARY 


1.  We  were  the  first  to  study  the  hydration  of  the  stereoisomeric  acetylene  and  vinylacetylene  alcohols 
of  the  piperidine  series,  and  here  we  obtained  the  corresponding  keto  alcohols. 

2.  Esterification  of  the  a  -  and  6 -isomers  of  l,2,5-trimethyl-4-acetyl-4-piperidol  gave  the  corresponding 
benzoates,  which  were  tested  for  physiological  activity. 

3.  We  accomplished  the  hydration  of  the  unsymmetrical  heterocyclic  acetylene  y -glycols  into  the  cor¬ 
responding  heterocyclic  tetrahydrofuranones  with  a  spiran  structure. 
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CYCLOALKYLATION  OF  AROMATIC  COMPOUNDS 


IX.  THE  REACTION  OF  l-PHENYLCYCLOHEXANOL  WITH  BENZENE 
N.  G.  Sidorova,  N.  M.  Feiershtein  and  E,  A.  Kochetkova 

Isomerization  in  the  direction  of  approaching  the  phenyl  and  alkyl  groups  is  usually  observed  in  the 
condensations  of  the  alkylcyclohexenes  and  alkylcyclohexanols  with  aromatic  compounds  in  the  presence 
of  acid  catalysts  [1-4].  However,  the  isomerization  does  not  always  go  to  completion  and  the  condensa¬ 
tion  products  of  the  optically  active  alcohols  with  aromatic  hydrocarbons  [5]  and  phenols  [6]  in  the  pre¬ 
sence  of  aluminum  chloride  show  considerable  optical  activity.  Recently  it  was  shown  by  one  of  us  [7] 
that  the  direction  of  this  reaction  depends  on  the  reaction  conditions  employed  and  that  under  mild  con¬ 
ditions  it  becomes  possible  to  obtain  considerable  amounts  of  the  product  with  unisomerized  radical. 

It  appeared  of  interest  to  elucidate  the  influence  of  the  phenyl  group  in  similar  reactions.  With  this 
in  mind  we  studied  the  reaction  between  1 -phenylcyclohexanol  and  benzene  in  the  presence  of  aluminum 
chloride. 

In  the  alkylation  of  benzene  with  aralkyl  (aliphato -aromatic)  alcohols  and  halides  the  reaction  pro¬ 
ceeds  without  isomerization,  while  in  the  case  of  phenylated  unsaturated  compounds  it  proceeds  the  same 
as  if  an  alkyl  group  were  present  in  the  same  position.  Thus,  for  example,  styrene  [8,  9],  a  -phenylethyl 
alcohol  [10]  and  a  -chloroethylbenzene  [11]  all  give  1,1 -diphenylethane  when  condensed  with  benzene, 
while  6  -phenylethyl  alcohol  [12]  and  6  -chloroethylbenzene  [8]  give  dibenzyl. 

If  the  unsuccessful  attempts  of  Bodroux  [13]  to  effect  condensation  of  1-phenylcyclohexene  with 
benzene  are  ignored,  then  no  one  has  run  such  reactions  with  cyclic  compounds.  However,  Kursanov  [14] 
and  later  Nenitzescu  and  Curcaneanu  [15]  described  the  condensation  of  1,2-dichloro-  and  1,2-dibromo- 
cyclohexanes  with  benzene  in  the  presence  of  aluminum  chloride.  These  reactions  gave  a  mixture  of  1,3- 
and  1,4-diphenylcyclohexanes.  It  is  possible  that  these  same  products  are  also  obtained  in  the  condensa¬ 
tion  of  1 -phenylcyclohexanol  with  benzene.  In  addition,  on  the  basis  of  our  previous  studies  it  might  be 
expected  that  under  mild  conditions  it  would  be  possible  to  at  least  avoid  partial  isomerization  and  obtain 
1,1  -diphenylcyclohexane. 

We  ran  the  condensation  of  1 -phenylcyclohexanol  with  benzene  most  frequently  under  extremely 
mild  conditions,  hoping  in  this  way  to  obtain  1,1 -diphenylcyclohexane.  However,  in  not  a  single  instance 
were  we  able  to  accomplish  this  ~  the  reaction  products  were  always  a  mixture  of  the  1,3-  and  1,4 -diphenyl 
cyclohexanes,  phenylcyclohexane  with  a  small  amount  of  phenylcyclohexene  as  impurity,  and  tar. 

The  phenylcyclohexane  obtained  by  us  in  these  condensations  appears  as  an  anomalous  reduction 
product,  this  type  of  reduction  being  frequently  encountered  when  aluminum  chloride  is  used  as  a  catalyst 
[15-16].  The  dimensions  of  the  anomalous  reactions  in  the  Friedel -Crafts  syntheses  vary:  they  depend  on 
the  nature  of  the  alkylating  agent  and  the  aromatic  hydrocarbon.  The  reduction  proceeds  with  especial 
ease  in  those  cases  where  either  bifunctional  compounds  (the  intermediate  reaction  product  is  reduced)  or 
monofunctional  compounds,  containing  the  phenyl  group  (the  original  compound  is  reduced),  are  used  for 
the  alkylation.  On  the  other  hand,  from  the  studies  of  Nenitzescu  and  coworkers  [8,  17]  it  can  be  seen 
that  cyclohexane  can  be  the  hydrogen  donor  for  such  reactions.  1 -Phenylcyclohexanol  represents  a  com¬ 
bination  of  groups,  facilitating  the  progress  of  the  reduction  reaction.  Actually,  in  our  case  the  reduction 
reaction  was  the  main  one  ~  the  yields  ofphenylcyclohexane  tanged  from  29  to  66'7o,  whereas  the  total 
yield  of  the  diphenylcyclohexanes  was  only  14-22% 
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To  elucidate  the  role  played  by  benzene  in  the  reduction  reaction  we  subjected  1-pbenylcyclohexanol 
to  the  action  of  aluminum  chloride  in  isooctane;  here  it  was  revealed  thatphenylcyclohexaneis  formed 
even  in  the  absence  of  benzene,  but  in  smaller  amount. 

Apparently,  the  formation  of  phenylcyclohexane  proceeds  by  different  paths:  with  benzene  participa¬ 
tion  and  widiout  it.  The  reaction  widi  benzene  first  gives  diphenylcyclohexane,  vdiich  under  the  influence 
of  aluminum  chloride  is  cleaved  to  phenylcyclohexane.  By  the  second  path  it  is  probably  not  the  alcohol 
itself  that  is  reduced,  but  instead  it  is  the  chloride  that  is  easily  formed  from  it.  Here  the  mixed  cyclo¬ 
hexane  hydrocarbons  present  in  the  reaction  mixture  are  the  hydrogen  source,  which  in  this  connection  ate 
converted  into  high-molecular  tarry  substances. 

However,  it  is  known  that  phenylcyclohexane  under  the  influence  of  aluminum  chloride  gives  diphenyl 
cyclohexanes  [18],  and,  consequently,  the  diphenylcyclohexanes  are  also  formed  by  two  paths:  in  the  con¬ 
densation  of  1-phenylcyclohexanol  with  benzene  and  in  the  cleavage  of  phenylcyclohexane.  All  of  these 
reactions  can  be  depicted  by  the  scheme: 


C^s  OH 


AlCl, 


The  reduction  reaction  is  strongly  affected  by  the  quality  of  the  aluminum  chloride.  The  ease  with 
which  die  reduction  proceeds  in  the  fvesence  of  hydrogen  chloride  [19]  and  water  [20]  additions  was  noted 
in  the  literature.  Traces  of  certain  salts  can  also  strongly  change  the  course  of  the  reaction. 

We  ran  a  number  of  condensations  of  1  -phenylcyclohexanol  with  benzene  in  the  presence  of  aluminum 
chloride  with  the  additions  of  water,  HCl,  CU|C1|,  SnCj4  and  FeCl|,  and  also  ran  the  reaction  in  the  pre¬ 
sence  of  other  condensing  agents:  H1SO4,  FeCl^  and  AlBr^. 

In  all  cases  die  reactions  in  the  presence  of  aluminum  chloride  proceeded  in  both  directions,  but 
the  yields  of  the  jdienylcylcohexane  and  diphenylcyclohexanes  changed  but  sli^tly  with  change  in  the 
additions  used.  Traces  of  water  and  hydrogen  chloride  showed  but  slight  influence;  in  their  presence  the 
yield  of  the  diphenylcyclohexanes  showed  a  slight  increase,  while  that  of  the  phenylcyclohexane  remained 
nearly  constant.  The  use  of  cuprous  chloride  and  stannic  chloride  also  proved  to  be  of  insignificant  effect. 
The  addition  of  ferric  chloride  led  to  obtaining  only  phenylcyclohexane  and  phenylcyclohexene.  The  use 
of  pure  ferric  chloride  for  the  condensation  gave  the  same  results.  The  use  of  sulfuric  acid  in  this  reaction 
gave  a  nearly  theoretical  yield  of  phenylcyclohexene. 

The  most  interesting  results  were  obtained  with  aluminum  bromide.  This  catalyst  is  considered  to  have 
a  similar,  but  more  powerful  action  than  aluminum  chloride.  Very  little  is  known  about  its  reducing  pro¬ 
perties  [21].  In  our  case  it  gave  the  diphenylcyclohexanes  in  yields  up  to  45*^  and  the  phenylcyclohexane 
in  30-37<5b  yield. 


We  also  ran  a  single  condensation  of  phenylcyclohexene  with  benzene  in  the  presence  of  aluminum 
chloride.  This  reaction  was  studied  by  Bodroux  [13],  but  he  failed  to  obtain  any  definite  results.  The 
reaction  run  by  us  gave  about  14<^  of  diphenylcyclohexanes  and  50*^  of  the  starting  phenylcyclohexene  was 
recovered  unchanged. 


EXPERIMENTAL 

1 -Phenylcyclohexanol  was  {xepared  by  the  Grignard  reaction  [22].  B.p.  150-152*  (18  mm);  m.p.  61*. 

1 -Phenylcyclohexene  was  prepared  by  heating  phenylcyclohexanol  with  phosphoric  acid  at  175*  for 
2  hours.  B.p.  100-102*(10  mm). 

Reaction  of  1 -pheny Icy c lohex ano  1  with  benzene  in  the  presence  of  aluminum 
chloride 

Finely  ground  aluminum  chloride  was  added  in  small  portions  with  shaking  to  a  solution  of  phenyl¬ 
cyclohexanol  in  benzene.  After  all  die  aluminum  chloride  was  added,  the  mixture  was  usually  set  aside  at 
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room  temper  iture  for  various  periods  of  lime  and  then  gradually  brought  to  a  ^veak  boil.  Heating  was  con¬ 
tinued  until  evolution  of  hydrogen  chloride  ceased.  The  mixture  was  decomposed  by  dilute  hydrochloric 
acid  and  the  benzene  solution  was  washed  several  times  with  water  and  dried  with  calcium  chloride  and 
fractionated. 

The  following  fractions  were  collected  upon  distillation;  1st,  b.p.  117-121*  (21  mm)  -  phenylcyclo- 
hexane  with  an  admixture  of  phenylcyclohexene;  2nd,  b.p.  180-230*  (21  mm)  -  a  mixture  of  1,3-  and  1,4- 
diphenylcyclohexanes. 

The  three  experiments  that  differed  most  sharply  in  experimental  conditions  are  described  below. 

1)  Taken:  8.8  g  (0.05  mole)  1-phenylcyclohexanol,  6.7  g  (0.05  mole)  AICI3  and  200  ml  (2.3  mole) 
of  benzene.  After  addition  of  AICI3,  the  reaction  mixture  was  set  aside  at  room  temperature  for  4  days 
and  then  heated  for  30  hours  at  45-50*and  only  at  the  end  of  this  period  was  it  heated  at  the  boiling  point. 
Yield  of  phenylcyclohexane  was  5.3  g  (66‘yo)  and  of  diphenylcyclohexanes  -  1.7  g  (14.4<7o).  The  residue 
was  resinous. 

2)  The  initial  substances  were  taken  in  the  same  quantities.  Immediately  after  addition  of  AICI3, 
the  mixture  was  heated  to  the  boiling  point  in  the  course  of  3  hours.  Isolated  3  g  (37<55))  phenylcyclohexane 
and  1.9  g  (IB^o)  diphenylcyclohexanes.  The  quantity  of  resin  was  greater  than  in  the  previous  experiment. 

3)  Taken:  4.4  g  (0.025  mole)  1-phenylcyclohexanol,  5.0  g  (0.037  mole)  AICI3  and  100  ml  benzene. 
Immediately  after  addition  of  AICI3,  the  mixture  was  heated  with  gradual  rise  of  temperature  up  to  80*  in 
the  course  of  3  hours.  Yield  of  phenylcyclohexane  1.6  g  (40<7o),  of  diphenylcyclohexanes  ~  1.3  g  (22%, 

Identification  of  reaction  products.  The  phenylcyclohexane  fraction  from  all  of  the  condensations 
gave  a  positive  reaction  for  the  double  bond.  To  remove  phenylcyclohexene,  the  fraction  was  treated  with 
hot  H2SO4  (d  1.76),  washed  with  water,  dried  and  distilled.  After  this  purification,  the  phenylcyclohexane 
crystallized  upon  cooling  with  ice  and  had  the  following  constants:  b.p.  230*  (728  mm),  d*®  0.9466,  n^ 
1.5287,  MRp  52.15;  calc.  51.83.  Its  nitro  compound  melted  at  57*.  the  acetamino  derivative  ~  at  127*. 

These  results  accorded  well  with  the  literature  data  [14]. 

The  second  fractions  from  all  the  condensations  partially  crystallized  upon  standing  (the  reactions 
performed  at  a  higher  temperature  gave  the  most  crystals).  The  crystals  melted  at  168*  (from  alcohol). 

The  literature  data  on  1,4-diphenylcyclohexane  gives  m.p.  169-170*  [14,  15]. 

Dehydrogenation  of  the  hydrocarbon  by  heating  with  selenium  at  340-380*  for  2  hours  yielded  p- 
terphenyl,  m.p.  210*.  A  mixing  test  with  a  known  sample  of  p-terphenyl  gave  no  melting  point  depression. 

The  liquid  portion  of  the  fraction  was  1,3-diphenylcyclohexane  with  an  admixture  of  the  1,4-isomer. 

Its  dehydrogenation  under  same  conditions  yielded  a  small  amount  of  p-terphenyl,  m.p.  210*  and  mostly 
m-terphenyl,  m.p.  88.5*.  A  test  mixture  with  a  known  sample  of  m-terphenyl  also  melted  at  88.5*. 

After  the  phenylcyclohexane  and  diphenylcyclohexanes  were  driven  off,  a  brown  resin  remained.  This 
resin  partially  distilled  in  vacuum  but  no  distinct  fraction  was  obtained.  Upon  being  heated  with  selenium 
at  350-380*,  hydrogen  selenideat  first  quite  vigorously  evolved  but  as  heating  progressed,  its  evolution 
slowed.  After  dehydrogenation,  the  external  appearance  of  the  resin  changed  only  slightly  and  no  distinct 
product  could  be  obtained  from  it. 

Reaction  of  1-phenylcyclohexanol  with  benzene  in  the  presence  of  aluminum 
chloride  with  various  substances  added 

With  addition  of  hydrogen  chloride.  3.35  g  (0.025  mole)  AICI3  and  50  ml  benzene  were  placed  in 
a  3 -necked  flask  fitted  with  mechanical  stirrer,  thermometer  and  dropping  funnel  and  through  this  mixture 
was  passed  a  stream  of  dry  hydrogen  chloride  until  the  aluminum  chloride  dissolved  (2  hours).  A  solution 
of  4.4  g  (0.025  mole)  1-phenylcyclohexanol  in  30  ml  benzene  was  added  drop-wise  with  stirring  to  the 
dark  mass  obtained  above  and  the  reaction  mixture  was  then  gradually  heated  on  a  water  bath  for  4  hours 
(towards  completion  of  heating,  the  temperature  was  raised  to  85*).  The  isolation  of  products  was  performed 
as  usual.  We  obtained  phenylcyclohexane,  1.4  g  (35<7o),  b.p.  100-110*  (11  mm)  and  a  mixture  of  1,3-  andl,4- 
diphenylcyclohexiines,  1.55  g{26%),  b.p.  180-220*  (11  mm). 

After  removal  of  phenylcyclohexene,  the  1st  fraction  was  nitrated;  we  obtained  p-cyclohexylnitro- 
benzene,  m.p.  57*. 
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The  2nd  fraction  partially  crystallized.  The  isolated  crystals  of  1,4-diphenylcyclohexane  melted  at  167°. 

With  addition  of  water.  The  reaction  was  carried  out  without  mechanical  stirring.  To  a  solution  of  4.4  g 
(0.025  mole)  1-phenylcyclohexanol  in  75  ml  (0.85  mole)  benzene  we  gradually  added  3.35  g  (0.025  mole) 
aluminum  chloride,  followed  by  7  drops  of  water.  The  reaction  mixture  was  heated  for  10  hours,  the  tempera¬ 
ture  being  gradually  raised  to  80*.  We  isolated  1.7  g(42‘5t))  of  phenylcyclohexane  (with  an  admixture  of  phenyl- 
cyclohexene),  b.p.  115-117*  (20  ram)  and  a  mixture  of  diphenylcyclohexanes  1.1  g(18.5<)(>),  b.p.  190-230*(20  mm). 
Dehydrogenation  of  the  2nd  fraction  yielded  m-  and  p-terphenyls  (m.p.  87*  and  208*).  Upon  long  standing,  a 
small  amount  of  crystak  of  1,4-diphenylcyclohexane,  m.p.  167*,  separated  out  from  the  fraction  containing 
diphenylcyclohexanes. 

With  addition  of  cuprous  chloride  (40*^fc  of  weight  of  AlCls)  we  obtained  42.<55)  j^ienyicyclohexane  and  10<5fc 
of  a  mixture  of  1,3-  and  1,4 -diphenylcyclohexanes. 

With  addition  of  stannic  chloride  (30‘5fc  of  weight  of  AlClj)  we  obtained  37.5*70  of  phenylcyclohexane  and 
17*^  of  a  mixture  of  diphenylcyclohexanes  widi  a  preponderance  of  the  para -isomer. 

With  addition  of  ferric  chloride.  In  this  experiment  a  portion  of  the  aluminum  chloride  was  replaced  with 
ferric  chloride:  we  took  2.5  g  aluminum  chloride  and  0.83  g  ferric  chloride;  the  other  substances  were  taken  in 
the  same  amounts  as  in  the  previous  experiments.  The  reaction  mixture  was  heated  for  12  hours.  We  obtained 
phenylcyclohexane  with  an  admixture  of  phenylcyclohexene,  1.1  g  (18.5<5fc);  boiling  range  117-122*  (22  mm). 

Reaction  of  1-phenylcyclohexanol  with  benzene  in  the  presence  of  ferric  chloride 

The  reaction  was  performed  the  same  as  the  reactions  with  aluminum  chloride.  We  took  for  the  reaction 
8.8  g  (0.05  mole)l-phenylcyclohexanol,  8.1  g  (0.05  mole)  ferric  chloride  and  75  ml  (0.85  mole)  benzene.  The 
mixture  was  gradually  heated  up  to  75*  for  4  hours  and  then  steam -distilled.  From  the  distillate  we  isolated 
phenylcyclohexane,  b.p.  95-100*  (8  mm).  The  yield  was  3.2  g  (40*7)).  After  removal  of  phenylcyclohexene  by 
treatment  with  sulfuric  acid,  the  phenylcyclohexane  was  nitrated;  we  obtained  p-cyclohexylnitrobenzene,  m.p. 

57*.  Its  test  mixture  with  a  known  sample  of  p-cyclohexylnitrobenzene  gave  no  melting  point  depression.  After 
steam -distillation,  a  solid  amor|^ous  mass  remained  in  the  flask.  Diphenylcyclohexanes  were  not  obtained  in 
this  reaction. 

Reaction  of  1-phenylcyclohexanol  with  benzene  in  the  presence  of  aluminum  bromide 

We  took  8.8  g  (0.05  mole)  1-phenylcyclohexanoI,  13.5  g  (0.05  mole)  aluminum  bromide  and  100  ml  (1.1 
mole)  benzene.  After  addition  of  aluminum  bromide,  the  mixture  was  left  standing  overnight  and  then  heated 
for  7  hours,  the  temperature  gradually  being  raised  to  80*.  We  obtained  1.4  g  (17.5<7>)  phenylcyclohexane,  b.p. 
102-106*  (10  mm)  and  a  mixture  of  1,3-  and  1,4-diphenylcyclohexanes,  4.35  g  (36.9*7)),  b.p.  170-195"  (8  mm). 
Nitration  of  the  Ist  fraction  (after  washing  with  sulfuric  acid)  yielded  p-cyclohexylritrobenzene,  m.p.  57*.  From 
the  2nd  fraction  we  isolated  a  large  amount  of  1,4-diphenylcyclohexane  crystals,  m.p,  167". 

Performing  the  reaction  with  1.5  g-equiv.  aluminum  bromide  resulted  in  a  30*7)  phenylcyclohexane  yield 
and  a  45*7)  yield  of  diphenylcyclohexanes. 

Reaction  of  phenylcyclohexene  with  benzene 

A  solution  of  8  g  (0.05  mole)  phenylcyclohexene  in  10  ml  (0.11  mole)  of  benzene  was  gradually  added  to 
a  mixture  of  3.35  g  (0.025  mole)  of  aluminum  chloride  and  10  ml  (0.11  mole)  benzene.  The  mixture  was  set 
aside  for  a  day  and  then  heated  on  a  water  bath  to  80*  in  the  course  of  4  hours.  We  obtained  4  g  (50*7))  phenyl¬ 
cyclohexene,  b.p.  130-140*  (40  mm)  and  1.6  g  (13.6*7))  of  a  mixture  of  diphenylcyclohexanes,  b.p.  240-260*  (40 
mm). 

The  1st  fraction  completely  dissolved  in  sulfuric  acid.  The  2nd  fraction  partially  crystallized,  m.p.  of 
crystak  ~  168*.  A  test  mixture  with  1,4-diphenylcyclohexane  also  melted  at  168*. 

Reaction  of  1-phenylcyclohexanol  with  aluminum  chloride 

3.35  g  (0.025  mole)  AlC^  was  added  gradually  with  stirring  to  a  solution  of  4.4  g  (0.025  mole)  phenyl- 
cyclohexanol  in  100  ml  isooctane.  The  reaction  mixture  was  then  heated  on  a  water  bath  the  temperature  of 
which  was  gradually  raised  to  80*.  Heating  was  continued  for  11  hours.  Evolution  of  hydrogen  chloride  was 
weak.  The  reaction  mixture  was  decomposed  the  usual  way,  the  hydrocarbon  layer  was  washed  with  water, 
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dried  with  calcium  chloride  and  distilled.  After  the  isooctane  was  driven  off,  the  residue  was  fractionated  in 
vacuum.  The  fraction  boiling  at  117-122*  (22  mm)  was  collected  and  analyzed.  Its  yield  was  25^ of  the¬ 
oretical  (1  g),  calculated'  on  phenylcyclohexane. 

To  remove  olefins,  the  fraction  was  washed  with  warm  sulfuric  acid  (d  1.76)  and  then  nitrated.  We 
isolated  p-nitrocyclohexylbenzene,  m.p.  57".  A  test  mixture  with  a  known  sample  of  p-nitrocyclohexyl- 
benzene  gave  no  melting  point  depression. 

Many  repititions  of  the  reaction  with  certain  variations  of  the  conditions  of  the  experiments  did  not 
increase  the  yield  of  phenylcyclohexane. 

SUMMARY 

1.  When  1-phenylcyclohexanol  is. reacted  with  benzene  in  the  presence  of  aluminum  chloride  the 
main  reaction  is  the  reduction  of  the  1  -phenylcyclohexanol  to  phenylcyclohexane,  and  condensation  with 
the  formation  of  the  1,3-  and  1,4-diphenylcyclohexanes  proceeds  only  to  a  slight  degree  {\A-22'%. 

2.  The  use  of  additives  with  the  aluminum  chloride  (water,  hydrogen  chloride,  cuprous  chloride  and 
stannic  chloride)  fails  to  show  much  influence  on  the  course  of  the  reaction. 

3.  Only  phenylcyclohexane  and  phenylcyclohexene  were  obtained  when  the  reaction  was  run  in  the 
presence  of  an  aluminum  chloride -ferric  chloride  mixture  and  in  the  presence  of  ferric  chloride  alone. 

4.  Alkylation  is  the  main  direction  of  the  reaction  when  1-phenylcyclohexanol  is  reacted  with  benzene 
in  the  presence  of  aluminum  bromide:  the  yields  of  the  diphenylcyclohexane  are  30-37<?l). 

5.  Only  the  1,3-  and  1,4-diphenylcyclohexanes  (14%  yield)  and  tar  are  obtained  as  the  reaction  pro¬ 
ducts  when  phenylcyclohenene  is  reacted  with  benzene  in  the  presence  of  aluminum  chloride. 

6.  The  reaction  of  1-phenylcyclohexanol  with  aluminum  chloride  leads  to  a  mixture  of  products, 
among  which  the  presence  of  phenylcyclohexane  was  shown. 
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THE  SYMMETRIZ  ATION  OF  M  E  T  H  Y  LE  T  HOX  Y  C  H  LORO  S I  L  AN  E  S 


K.  A.  Andiranov,  S.  A.  Golubtsov  and  N.  P.  Lobusevich 


The  influence  of  various  groups  and  atoms  in  organosilicon  compounds  on  the  capacity  of  the  latter 
for  symmetrization  has  been  studied  but  slightly.  It  is  known  that  asymmetrical  ethoxychlorosilanes  suffer 
decomposition  when  heated  to  give  compounds  possessing  a  symmetrical  structure.  Thus,  for  example, 
ethoxytrichlorosilane  is  decomposed  to  the  extent  of  37%  when  it  is  heated  at  the  boiling  point  for  4  hours, 
triethoxychlorosilane  is  decomposed  100%,  while  diethoxydichlorosilane  is  completely  stable  under  these 
conditions  [1]. 

As  our  experiments  revealed,  the  presence  of  a  methyl  group  on  the  silicon  atom  in  the  molecule  ex¬ 
erts  a  great  influence  on  the  capacity  of  the  chloro  ethers  for  symmetrization;  methylethoxydichlorosilane 
and  methyldiethoxychlorosilane  showed  considerable  stability  under  prolonged  heating. 

The  heating  was  done  in  the  pot  of  a  fractionation  column  having  an  efficiency  of  8  theoretical 
plates  and  packed  with  ceramic  rings.  After  heating  for  50  hours  at  100*  the  reaction  products  were  frac¬ 
tionated,  where  both  the  methylethoxydichlorosilane  and  methyldiethoxychlorosilane  were  for  the  most 
part  recovered  unchanged.  However,  a  certain  reduction  of  the  temperature  in  the  fractionation  column 
permits  assuming  the  presence  of  some  rearrangement  and  in  this  way  an  evaluation  of  the  comparative 
stability  of  the  methylethoxychlorosilanes  can  be  made. 

The  temperature  changes  obtained  in  the  fractionation  column  when  the  methylethoxydichlorosilane 
(Curve  1)  and  methyldiethoxychlorosilane  (Curves  2  and  3)  are  heated  are  shown  in  the  figure  (below). 

The  rearrangement  was  run  at  the  boiling  point  of  the  products  (Curves  1  and  3),  and  also  at  the  same 
temperature  of  100“  (Curves  1  and  2).  In  the  latter  case  the  change  in  the  boiling  point  of  the  methyl¬ 
diethoxychlorosilane  (when  the  temperature  of  the  liquid  was  kept  at  100“)  was  followed  by  periodically 
applying  a  slight  vacuum  (the  residual  pressure  was  297  mm). 

The  nature  of  the  curves  shows  that  the  methylethoxydichlorosilane  apparently  possesses  the  greater 
stability  at  the  boiling  point  (100“),  since  the  temperature  in  the  fractionation  column  is  changed  but 
slightly  after  30  to  50  hours  heating,  after  which  it  becomes  stabilized.  For  the  methyldiethoxychloro¬ 
silane  the  decomposition,  both  at  the  boiling  point  (127*)  and  at  100“,  proceeds  at  a  considerably  faster 
rate,  since  here  the  boiling  point  drops  much  more  rapidly  and  fails  to  show  a  tendency  to  be  stabilized. 

In  the  fractionation  of  the  reaction  products  from  the  rearrangement  of  the  methylethoxydichlorosilane 
the  amount  of  the  fractions,  boiling  below  that  of  the  starting  product  (93-98*),  is  2%,  while  in  the  case 
of  the  methyldiethoxychlorosilane  it  is  above  4%. 

As  a  result,  it  can  be  assumed  that  a  symmetrical  arrangement  of  the  chlorine  atoms  possesses  greater 
significance  for  the  thermal  stability  of  molecules  than  does  a  symmetry  of  the  ethoxyl  groups. 

EXPERIMENTAL 

Preparation  of  methylethoxydichlorosilane  and  methyldiethoxychlorosilane.  897  g  of  methyltrich- 
lorosilane  was  placed  in  a  round -bottomed  flask  fitted  with  sealed  stirrer,  dropping  funnel,  thermometer  and 
reflux  condenser  connected  to  a  system  for  absorption  of  hydrogen  chloride  and  then  332  g  of  anhydrous 
ethyl  alcohol  was  introduced  through  the  dropping  funnel  at  20“  in  the  course  of  4-4.5  hours.  The  mixture 
was  then  gradually  heated  up  to  the  boiling  point  (99“)  in  the  course  of  2  hours  after  which  the  reaction 
product  was  cooled  and  separated.  The  yield  of  the  mixture  was  903  g  (94%). 
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Duration  of  li  eating  (  hours ) 

Variation  of  temperature  in  fractionating  column  upon 
heating  methylethoxydichlorosilane  at  100*  (Curve  1) 
and  methyldiethoxychlorosilane  at  100*  (Curve  2)  and 
at  127*  (Curve  3). 


Fractionation  of  396  g  of  the  mixture  in  a 
column,  30  mm  in  diameter  and  750  mm  high  with 
porcelain  ring  filling  4  x^l.5  x  0.5  mm,  yielded 
a  methylethoxydichlorosilane  fraction,  b.p.  97-99.5* 
(21.3‘’/»)  and  a  methyldiethoxychlorosilane  fraction, 
b.p.  125-127.5*  (35.970). 

A  second  fractionation  of  the  fraction  which 
boiled  at  97-99.5*  yielded  (with  31. 87o  yield  based 
on  initial  fraction)  methylethoxydichlorosilane. 

B.p.  99-99.5*,  d*®  1.068,  n|5  1.380,  MRp  34.53; 

calc.  34.56. 

Found  Ts  SiOj  37.7,  37.6;  Cl  43.9;  OC2H5  28.3. 

CaHgOCljSi.  Calculated  SiO^  37.7;  Cl  44.4; 

OCjHj  28.3. 

Literature  data  [2]  give:  b.p.  101.2*,  d*®  1.028. 

From  the  fraction  which  boiled  at  125-127.5* 
we  isolated  (yield  Sl.2%)  methyldiethoxychloro¬ 
silane: 

B.p.  126.5-127.5*,  d*®  1.010,  n^  1.393,  MR^ 

40.1;  calc.  40.67. 

Found  7oc  SiOj  35.2,  35.3;  Cl  20.9,  20.75;  OCgHj 

53.13.  CgH^gOjClSi.  Calculated  Tk  SiOj  35.5; 

Cl  21.0;  OCjHs  53.4. 

Literature  data  [2]  give:  b.p.  120*,  d*®  0.983. 


Rearrangement  of  methylethoxydichlorosilane 

144  g  methylethoxydichlorosilane  was  placed  in  the  still  of  the  above  described  fractionating  column.  The 
temperature  in  the  still  was  held  at  100’  for  50  hours  while  the  reaction  mixture  in  the  column  was  refluxed  with 
complete  return.  The  temperature  of  the  vapors  in  the  fractionating  column  gradually  fell  to  93*  (see  figure. 
Curve  1),  after  which  the  reaction  products  were  separated.  Fractionation  yielded:  1st  fraction  —  b.p.  93-98*. 

2.9  g(2.07o),  7oCl  47.6;  2nd  fraction  —  b.p.  98-99.5*,  107.8  g  (74.87o),  7oCl  43.9;  residue  above  99.5*,  27.0  g 
(18.97’),  7oCl  37.6;  losses  -  6.3  g  (4.37)). 

The  1st  fraction  corresponded  in  chlorine  content  to  a  mixture  of  89.97)  methylethoxydichlorosilane  and 
10.97)  methyltrichlorosilane  which  corresponded  to  a  0.37o  methyltrichlorosilane  content  in  the  mixture  obtained 
upon  heating.  In  the  two  other  experiments  with  methylethoxydichlorosilane,  the  temperature  in  the  fractionat¬ 
ing  column  also  stayed  at  93*  (up  to  75  hours  of  heating). 

Rearrangement  of  methyldiethoxychlorosilane 

a)  At  the  boiling  point.  A  similar  experiment  was  performed  with  94  g  of  methyldiethoxychlorosilane  and 
after  the  mixture  was  heated  for  50  hours  at  the  boiling  point  (127*),  the  temperature  in  the  fractionating  column 
fell  to  113*  (see  figure.  Curve  2).  Separation  yielded:  1st  fraction  ”  b.p.  113-126.5*,. 4,0  g  (4.27j),  7oCl,29.3:  . 
2nd  fraction,  b.p.  126.5-127.5*,  64.5  g  (68.77)),  7oCl  21.6;  residue  above  127.5*,  23*0  g  (^4.57)),  7)C1  17.4;  losses, 
2.5g(2.67o). 

The  1st  fraction  corresponded  in  chlorine  content  to  a  mixture  of  357)  methylethoxydichlorosilane  and 
657)  methyldiethoxychlorosilane  which  corresponded  to  1.57)  methylethoxydichlorosilane  upon  calculation  on  the 
total  mixture. 

b)  Rearrangement  of  methyldiethoxychlorosilane  at  100*.  115  g  of  methyldiethoxychlorosilane  was  placed 
in  the  still  of  the  above  described  column,  a  slight  vacuum  was  connected  and  the  still  was  gradually  heated  to 
100*. 

The  liquid  in  the  still  was  heated  for  59  hours  at  100*,  the  vacuum  being  periodically  connected  (the 
residual  pressure  was  297  mm)  and  the  temperature  was  measured  in  the  fractionating  column.  The  liquid 
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was  then  fractionated  and  the  following  fractions  were  obtained:  1st  “  b.p.  111-126.5°,  5.5  g  (4.8*70),  *^1  27,2; 
2nd  fraction  -  b.p.  126.5 -127. 5*.  71.0  g  (61.6%),  %C1  21.9;  residue  above  127.6°  -31.0  g(27.0%).  7oCl  15.7; 
losses  -  7.5  g  (6.5%). 

The  1st  fraction  corresponded  in  chlorine  content  to  a  mixture  of  24%  methylethoxydichlorosilane  and 
76%  methyldiethoxychlorosilane  which  corresponded  to  1.2%  methylethoxydichlorosilane  upon  calculation  on 
the  total  mixture. 

SUMMARY 

1.  The  thermal  stability  of  methylethoxydichlorosilane  is  greater  than  that  of  methyldiethoxychloro¬ 
silane,  both  at  equal  temperatures  (100°)  and  at  their  respective  boiling  points. 

2.  The  presence  of  a  single  methyl  radical  on  the  silicon  atom  in  the  methylethoxychlorosilane 
molecule  sharply  increases  the  thermal  stability  of  the  unsymmetrical  compound  when  compared  to  the 
ethoxy  chlorosilanes. 
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THE  ACTION  OF  AROMATIC  DIAZONIUM  COMPOUNDS  ON  UNSATURATED 

COMPOUNDS 

V.  •  AZO-COUPLING  WITH  SIMPLE  VINYL  ETHERS 

A.  P.  Terentyev  and  V.  A.  Zagorevsky 


As  early  as  1913  K.  Meyer  [2]  observed  the  reaction  of  p-nitrobenzenediazonium  hydroxide  with  S-ethoxy- 
crotonic  ester,  a -ethoxy styrene  and  ethyl  vinyl  ether. 

The  reaction  was  run  in  acetic  acid  solutions.  Here  the  0- ethoxy crotonic  ester  was  converted  into  the 
p-nitrobenzeneazoacetoacetic  ester.  But,  as  mentioned  by  Meyer,  it  is  possible  that  the  fi- ethoxy crotonic  ester 
failed  to  participate  in  this  reaction,  and  instead  it  was  its  hydrolysis  product  —  the  aceto-acetic  ester  —  that  was 
involved.  With  respect  to  the  structure  of  the  substance  formed  from  a -ethoxy styrene  K.  Meyer  has  nothing  to 
say.  In  the  reaction  with  the  ethyl  vinyl  ether  a  brick- red  powder  was  obtained.  This  powder  could  not  be  re¬ 
crystallized.  In  only  a  single  case,  the  conditions  of  which  were  not  established  exactly,  did  the  reaction 
product  —  orange-red  needles  with  m.p.  180*  (with  decomp.)—  correspond  by  analysis  to  the  formula  CgH7P3N3. 

This  permitted  K.  Meyer  to  assume  that  in  the  action  of  p-nitrobenzenediazonium  hydroxide  on  the  vinyl  ether 
there  occurred  formation  of  the  azo  compound  with  the  simultaneous  loss  of  the  ethoxyl  group  as  alcohol.  The 
structure  of  the  reaction  product  was  not  fully  established. 

We  set  ourselves  the  task  of  first  finding  the  optimum  conditions  for  the  azo-coupling  of  p-nitrobenzene- 
diazonium  hydroxide  with  the  vinyl  ether.  It  was  revealed  that  the  reaction  proceeds  smoothly  in  aqueous 
medium,  under  the  conditions  of  neutralizing  (to  congo)  the  mineral  acid  by  the  addition  of  sodium  acetate. 

The  process  was  run  under  ice-cooling  for  several  hours.  The  reaction  product  separated  as  an  orange  precipitate 
and  represented  a  fairly  pure  substance.  An  increase  in  the  acidity  of  the  medium  greatly  lowered  the  yield 
of  the  azo-coupling  product.  In  the  presence  of  a  slight  excess  of  sodium  acetate  the  precipitate  acquired  a  red 
color.  For  purification  the  substance  was  treated  with  benzene  and  under  heating  was  precipitated  with  water 
from  methyl  alcohol  solution.  Based  on  its  analysis,  chemical  properties  and  melting  point  (196*  with  decomp.), 
the  substance  can  be  considered  as  being  the  mono-p-nitrophenylhydrazone  of  glyoxal.  When  treated  with 
p-nitrophenylhydrazine  it  is  converted  into  the  full  p-nitrophenylhydrazone  of  glyoxal  with  a  melting  point 
corresponding  to  that  given  in  the  literature.  In  the  presence  of  hydrochloric  acid  the  monohydrazone  suffered 
dismutation  with  the  formation  of  free  glyoxal  and  the  corresponding  osazone,  i.e.  the  di-(p-nitrophenylhydrazone) 
of  glyoxal. 

Since  here  the  azo-coupling  reaction  proceeds  with  the  cleavage  of  the  ethoxyl  group,  then  naturally  it 
could  be  expected  that  in  the  action  of  the  p-nitrobenzenediazonium  hydroxide  on  other  alkyl  vinyl  ethers  the 
same  monohydrazone  of  glyoxal  will  be  formed.  This  was  confirmed  when  the  reaction  was  studied  with  the 
methyl  vinyl  and  n-butyl  vinyl  ethers.  The  methyl  vinyl  ether,  taken  in  excess,  reacts  rapidly  with  the  diazo 
compound,  giving  a  high  yield  (91*70)  of  the  hydrazone.  The  butyl  vinyl  ether,  being  less  soluble,  gives  lower 
yields;  in  addition,  its  azo- coupling  product  is  obtained  with  a  red  color  and  lends  itself  with  difficulty  to 
purification. 

As  a  result,  these  experiments  served  to  confirm  the  assumption  made  by  K.  Meyer  relative  to  the  direction 


•  See  [1]  for  Communication  IV. 
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of  the  azo*-coupling  reaction  of  vinyl  ethers  with  aromatic  diazo  compounds.  The  substance  with  m.p,  180* . 
obtained  by  K,  Meyer  as  the  result  of  reacting  p-nitrobenzenediazomum  hydroxide  with  the  ethyl  vinyl  ether, 
probably  represented  the  impure  p-nitrophenylhydrazone  of  glyoxal. 


The  general  reaction  scheme  can  be  depicted  as  follows: 


p-NO,C,H4NjOH  +  H,C=  CHOR  — ^ 


p-NO,C,H4N2CHiqH 


OR 

OH 


P"NOiC,H4N=NCH,CHO  P'N0,C;,H4NHN=CHCH0. 

Working  with  the  n-butyl  vinyl  ether  it  was  qualitatively  shown  that  the  diazotized  O"  and  p 'nitroanilines 
can  also  enter  into  the  azo- coupling  reaction. 


EXPERIMENTAL 

Diazotization  of  p-nitroanillne.  3.5  g  p-nitraniline  was  dissolved  with  heating  in  a  mixture  of  7.5  ml 
concentrated  hydrochloric  acid  and  20  ml  water.  A  solution  of  1.80  g  sodium  nitrite  in  5  ml  of  water  was  run 
into  the  above  mixture  after  cooling  with  ice.  The  diazo  solution  was  removed  from  the  ice  and  set  aside  for 
20-30  minutes.  The  excess  of  mtrous  acid  was  decomposed  by  urea.  After  dilution  with  50  ml  of  water,  sodium 
acetate  (about  12  g)  was  added  to  the  diazo  solution  until  it  gave  a  neutral  reaction  with  congo.  The  solution 
was  filtered  clear  and  ice  water  was  added  until  its  volume  was  250  ml.  For  separate  reactions  with  vinyl 
ethers,  we  took  50  ml  portions  of  this  solution.  The  remaining  diazo  solution  served  as  a  control;  it  underwent 
no  change  under  the  reaction  conditions. 

Azo- coupling  of  ethyl  yinyl  ether.  0.36  g  ethyl  vinyl  ether,  purified  by  distillation  over  sodium,  was 
added  to  50  ml  solution  of  p-  nitrodiazobenzene.  A  bottle  containing  the  reaction  mixture  was  periodically 
shaken  and  was  cooled  with  ice.  After  only  a  few  minutes,  the  solution  reddened  and  an  orange-ied  precipitate 
separated  out.  After  3-4  hours,  the  appearance  of  the  mixture  did  not  change;  the  solution  was  left  overnight 
in  ice.  The  precipiute  was  filtered  off,  washed  with  water  and  dried  in  a  desiccator.  The  yield  of  cmde  p- 
nitrophenylhydrazone  glyoxal  was  0.80  g  (83^).  The  resinous  impurities  were  removed  by  treatment  with  a 
small  quantity  of  benzene.  For  further  puiification  water  was  run  with  Stirling  into  the  hot  solution  of  the 
hydrazone  in  mixture  with  methyl  alcohol  and  a  small  quantity  of  benzene  until  the  start  of  crystallization. 

After  separation  of  the  benzene  layer  and  cooling,  threadlike  light-orange  crystals  separated  out  from  the  aqueous 
solution.  They  were  filtered  off,  washed  and  dried.  They  melted  at  196*  (with  deccmp.). 

Found  C  49.82,  49.77;  H  3.77,  3.87.  CiHtOjN,.  Calculated  <%:  C  49.73;  H  3.65. 

Glyoxal  p- nitrophenylhydrazone  was  readily  soluble  in  acetone,  difficultly  —  in  water,  ether  and  benzene. 

Frtxn  0.10  g  cmde  azo-coupling  product  and  p  -mtrophenylhydrazlne  in  methyl  alcohol  solution  we  ob¬ 
tained  0.15  g  (88^)  of  glyoxal  p-nitrophenylosazone.  After  recrystallization  from  pyridine,  the  osazone  melted 
at  308*  (with  decomp.).  The  literature  data  give  :  m.p.  311*  [3],  308*  [4]. 

We  added  4  ml  hydrochloric  acid  (1:  3)  to  a  solution  of  0.10  g  of  the  p- nitrophenylhydrazone  of  glyoxal 
in  10  ml  of  methyl  alcohol.  The  mixture  was  boiled  for  1  hour.  Upon  cooling,  the  red  precipitate  of  the  osazone 
was  filtered  off,  washed  with  aqueous  methyl  alcohol  and  ether.  We  isolated  0.07  g  (82%)  of  the  p  -nitrophenyl- 
osazone  of  glyoxal.  It  melted  at  309*  (with  decomp.). 

Azo-coupling  of  methyl  vinyl  ether.  50  ml  of  p-nitrobenzenediazonium  hydroxide  solution  and  a  one 
and  one  half  fold  excess  of  methyl  vinyl  ether  were  taken  for  the  reaction.  By  the  same  method  we  isolated 
0.88  g  (91%,  on  the  basis  of  the  diazo  compound  taken)  of  the  p- nitrophenylhydrazone  of  glyoxal.  The  product 
was  purified  as  the  previous  one.  It  melted  at  197*  (with  decomp.).  The  compound  gave  no  melting  point  de- 
pression  in  a  test  mixture  with  the  previously  obtained  glyoxal  p-nitrophenylhydrazone. 

Azo- coupling  of  n-butyl  vinyl  ether.  50  ml  of  a  solution  of  p-nitrobenzenediazonium  hydroxide  and 
0.55  g  of  n-butyl  vinyl  ether,  purified  by  distillation  over  sodium,  were  taken  for  the  reaction.  By  the  same 
method  we  obtained  0.79  g  of  crude  azo-coupling  product  in  the  form  of  a  dark  red  powder.  Purification  was 
carried  out  as  in  the  previous  experiment  with  the  exception  that  the  solution  of  the  hydrazone  in  methyl  alcohol 
was  boiled  with  activated  carbon.  The  product  was  in  the  form  of  light  brown  crystals.  It  melted  at  196*  (with 
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decomp.).  The  compound  showed  no  melting  point  depression  when  a  sample  was  mixed  with  the  nitrophenyl- 
hydrazone  of  glyoxal;  the  action  of  p-nitrophenylhydrazine  yielded  the  corresponding  osazone. 

SUMMARY 

It  was  shcv/i!  that  the  methyl  vinyl,  ethyl  vinyl  and  n-butyl  vinyl  ethers  react  with  p-nitrobenzenediazon- 
ium  hydroxide  in  neutral  aqueous  medium. 

In  all  cases  the  same  p-nitrophenylhydrazone  of  glyoxal  was  formed  as  the  result  of  the  azo-coupling  re¬ 
action.  When  heated  with  hydrochloric  acid  in  methyl  alcohol  this  hydrazone  suffers  dismutation  with  the 
formation  of  glyoxal  and  the  esazone  of  glyoxal. 
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ALKYLATION  OF  DIPHENYL  WITH  ALCOHOLS  IN  THE  PRESENCE  OF  BFj 
I.  A.  Romadan  and  T.  I.  Rendel 


Diphenyl  is  used  in  admixture  with  other  substances  under  the  name  of  "Dowtherm"  as  an  efficient  heat- 
transfer  medium  [1],  To  us  the  use  of  the  alkyldiphenyls  seems  to  be  more  practical  —  they  being  oily  liquids 
with  high  boiling  points  and  low  freezing  points.  In  a  previous  paper  [2]  one  of  us  proposed  the  alkylation  of 
diphenyl  with  alcohols  in  the  presence  of  phosphoric  acid;  however,  with  this  method  the  alkyldiphenyls  are  ob¬ 
tained  in  yields  not  exceeding  60%  and  the  alkylation  reaction  requires  10  to  20  hours.  We  attempted  to  find 
a  more  efficient  catalyst.  In  recent  years  many  papers  have  appeared  on  the  special  role  played  by  BFj,  having 
been  used  for  many  chemical  processes  (polymerization,  alkylation,  condensation,  etc.).  Judging  from  literature 
data  [3],  for  many  processes  BFs  is  a  more  vigorous  catalyst  than  either  sulfuric  acid  or  anhydrous  aluminum 
chloride.  Together  with  this,  it  fails  to  evoke  undesirable  side  reactions,  like,  for  example,  oxidation  or  pro¬ 
found  destructive  changes,  which  take  place  when  aluminum  chloride  is  used. 

In  this  paper  we  studied  the  alkylation  of  diphenyl  with  ethyl,  n-propyl,  isopropyl,  n-butyl,  isobutyl,  iso¬ 
amyl  and  hexyl  alcohols.  Since  the  alkylation  of  diphenyl  with  alcohols  in  the  presence  of  BFs  described 

in  the  literature,  we  began  with  a  development  of  the  method  and  the  finding  of  the  optimum  conditions  for 
this  process.  Both  the  temperature  and  the  reactant  proportions  were  varied.  The  conditions  were  found  under 
which  the  highest  yields  of  the  alkyldiphenyls  were  obtained.  It  was  established  that  in  the  alkylation  of  di¬ 
phenyl  it  is  expedient  to  run  the  reaction  in  two  stages:  1)  saturation  of  the  starting  alcohol  with  the  boron 
fluoride  under  ice-cooling,  and  2)  heating  of  the  thus  obtained  molecular  co  mpound  with  diphenyl  under  vigor- 
our  stirring;  under  these  conditions  the  alkyldiphenyls  are  obtained  in  yields  of  74-98%,  based  on  starting  di¬ 
phenyl.  For  the  most  part  the  monoalkyl-  and  dialkyldiphenyls  are  formed  in  nearly  equal  amounts.  In  all 
cases  oily  substances  were  obtained,  boiling  without  decomposition  in  the  range  281-330%.  These  substances 
possess  low  freezing  points  (  —42  to  — 70*),  are  quite  viscous,  fail  to  be  oxidized  when  kept  in  the  air  for  long 
periods  of  time,  and  are  stable  to  oxidizing  agents.  Thus,  they  remain  completely  unchanged  even  after  50- 
hour  heating  with  either  chromic  anhydride  or  potassium  permanganate  solution.  Five  percent  nitric  acid 
oxidizes  them  in  sealed  tubes  only  after  30  to  40-hour  heating  at  170*;  here  terephthalic  acid  is  obtained,  which 
indicates  the  entrance  of  the  radicals  in  the  para -position. 

The  purest  substances  and  the  highest  yields  are  obtained  in  the  alkylations  with  the  normal  alcohols. 

The  reaction  with  them  requires  a  longer  heating  period  (2  stages)  of  up  to  2-3  hours,  but  here  the  substances 
are  obtained  almost  free  of  olefinic  polymers,  while  with  the  iso-alcohols  the  obtained  oils  contain  high- 
molecular  polymers,  from  which  it  is  difficult  to  effect  separation  by  ordinary  distillation.  From  this  we  con¬ 
clude  that  the  olefins  of  normal  structure  are  polymerized  with  greater  difficulty,  and  the  alkylation  with  them 
proceeds  more  smoothly.  We  were  unable  to  effect  alkylation  with  the  tertiary  alcohols,  since  here  even  in 
the  first  stage,  i.e.  in  the  reaction  of  the  alcohol  with  BF3  the  alcohol  suffers  decomposition,  and  the  resulting 
olefins  are  rapidly  polymerized  into  a  gel-like  mass,  which  fails  to  alkylate  diphenyl  under  all  conditions 
(when  heated  in  an  oil  bath  and  even  when  heated  in  sealed  tubes  in  an  autoclave).  When  the  substances  are 
analyzed  for  carbon  and  hydrogen  the  values  obtained  for  the  hydrogen  are  somewhat  high,  and  in  some  cases 
for  the  carbon  also.  This  is  explained  by  the  fact  that  the  substances  contain  traces  of  the  fluoborate, 
which  with  glass  at  elevated  temperature  forms  S1F4,  collecting  as  a  white  deposit  at  the  end  of  the 
combustion  tube.  It  can  be  assumed  that  it  is  also  partially  entrapped  in  the  absorption  apparatus.  The  mole¬ 
cular  weights  of  all  of  the  substances  were  determined  cryoscopically,  and  also  their  specific  gravities,  re¬ 
fractive  indices  and  freezing  points.  The  data  are  summarized  in  the  table. 

The  mechanism  of  the  alkylation  of  aromatic  hydrocarbons  with  alcohols  in  the  presence  of  BFj  is  discussed 


in  several  papers.  Kenne  and  Sowa  [4]  believe  that  boron  fluoride  forms  a  molecular  compound  with  the  alcohol 
of  type  ROH*BFj,  which  suffers  cleavage  with  the  formation  of  olefins,  being  the  alkylating  agents. 

Price  and  Lund  [5]  assume  that  BFs  forms  a  molecular  compound  with  the  alcohol,  finding  itself  in  the 
equilibrium; 

f 

R-O-BFj  ^  H+  +  [BO-BFj]; 

The  cleavage  into  ions  proceeds  laten 

H 

I 

R-O-BFj  — *•  R+  +  [HO-BFjj-. 

The  alkyl  cation  formed  here  is  the  active  alkylating  agent.  Such  a  mechanism  best  explains  those 
alkylations  in  which  the  alcohols  are  incapable  of  forming  olefins,  as  for  example,  benzyl  alcohol. 

To  determine  the  nature  of  the  mechanism  of  the  studied  reaction  we  ran  the  following  experiment:  BF3 
was  passed  into  boiling  isoamyl  alcohol,  the  color  of  the  alcohol  gradually  changed  from  light  yellow  to  brown; 
after  3.5  hours  stormy  ebullition  was  observed,  drops  of  water  collected  on  the  sides  of  the  flask,  and  the  liquid 
separated  into  3  layers:  1)  top  layer  —  0.6  of  the  total  volume  —  light  brown  in  color  2)  middle  layer  —  0,35 
of  the  total  volume  —  dark  brown  in  color,  and  3)  bottc«n  layer  —  aqueous,  very  slight  —  light  yellow  in  color. 

All  of  the  layers  show  acid  reaction,  and  the  two  upper  layers  decolorize  bromine  water  and  represent  mobile 
oily  liquids;  the  middle  layet  has  a  pleasant  odor.  Vacuum-distillation  of  the  top  layer  gave  three  fractions, 
when  studied  proving  to  be  isoamylene  polymers.  The  middle  layer  with  b.p.  102- 103*  (30  mm),  reddish-brown 
liquid;  after  distillation  it  fails  to  decolorize  bromine  water.  This  is  the  molecular  compound,  formed  between 
the  alcohol  and  the  boron  fluoride,  and  when  distilled  at  atmospheric  pressure  it  decomposes  at  145-150*  with 
the  evolution  of  BFs.  By  analysis  it  was  established  that  it  is  a  compound  answering  to  the  general  formula 
2ROH  *  BFs.  Such  a  relationship  is  confirmed  by  the  fact  that  when  the  alcohol  is  saturated  with  boron 

fluoride  a  definite  amount  of  BFs  is  always  absorbed  by  a  definite  amount  of  the  alcohol,  which  was  established 
by  weighing.  A  similar  phenomenon  was  observed  for  all  of  the  other  alcohols. 

From  this  we  conclude  that  under  the  studied  conditions  the  alkylation  proceeds  via  the  compound 
2ROH*BFs,  which  when  decomposed  forms  olefins.  As  a  result,  under  our  experimental  conditions  the  mechanism 
postulated  by  J.  M.  Kenne  [4]  is  confirmed.  In  contrast  to  him,  we  obtain  the  complex  2ROH’BFs  instead  of 
ROH'BFs.  This  is  in  good  agreement  with  the  fact  that  simple  ethers  are  formed,  which  was  established  in  ail 
of  our  observed  reactions.  Apparently,  the  formation  of  the  simple  ethers  is  lijiked  with  the  intermediate  boron 
etherates,  which  can  suffer  decomposition  in  accord  with  the  scheme: 

2(CH,)2CHCHiCH,OH  •  BFs  [(CHslsCHCHiCHsiO  •  BFj  +  HjO  •  BFs. 

The  B— O  bond  in  the  etherates  is  unstable  [3],  for  which  reason  dissociation  takes  place,  accompanied 
by  the  evolution  of  BFs: 

[(CHsliCHCHiCHsiO*  BFs  “ ^  [(CHsljCHCHjCHitO  +  BFj. 

We  made  an  interesting  observation  with  respect  to  the  decomposition  of  the  molecular  compound  that  is 
formed  between  the  alcohols  and  BFs.  Thus,  independent  of  the  alcohol,  stormy  ebullition  of  the  mass  (2nd 
stage  of  the  operation)  always  begins  within  certain  temperature  limits,  and  specifically  between  162-165*.  It 
would  seem  to  us  that  the  decomposition  temperature  of  the  molecular  compound  should  depend  on  the  character 
of  the  alcohol,  but  the  above  fact  was  confirmed  by  us  without  equivocation  in  all  of  the  discussed  alkylations. 
This  gives  basis  to  postulate  that  the  decomposition  temperature  depends  on  the  character  of  the  bond  between 
the  alcohol  molecule  and  BFs. 

EXPERIMENTAL 

An  analytical  grade  of  diphenyl  and  calcium  fluor'de  was  used;  100‘5(»  sulfuric  acid  was  prepared  by  addition 


of  fuming  sulfuric  acid  to  concentrated  sulfuric  acid.  Boric  anhydride  was  prepared  by  calcining  boric  acid  in 
a  muffle  furnace  with  subsequent  grinding  in  a  mortar.  The  alcohols  were  previously  dried  over  potash  and 
distilled  over  metallic  sodium.  Saturation  of  the  alcohol  with  boron  fluoride  was  performed  in  the  apparatus 
(figure).  The  materials  for  the  preparation  of  BFj  were  placed  in  flask  A  —  17.55  g  BjOs  was  dissolved  with  mild 
heating  in  136  ml  cone.  H2SO4.  55.5  g  previously  dried  CaF2  was  added  to  the  cooled  solution.  This  mixture 
was  heated  over  wire  gauze  and  the  temperature  was  gradually  raised  to  300*.  The  BFs  which  formed  was  passed 
through  wash  bottle  B,  in  which  was  placed  20  ml  100‘)(>  H2SO4  and  5  g  B2O3.  The  dried  and  purified  BFs  was 
sucked  through  an  empty  safety  bottle  C  by  a  water- jet  pump  into  reaction  flask  D  containing  alcohol  which  was 
immersed  in  an  ice  mixture.  The  experiments  showed  that  the  most  complete  absorption  of  BF3  by  alcohol  took 
place  upon  passage  of  8-10  bubbles  per  minute.  The  rate  of  introduction  was  regulated  by  intensity  of  heating 
of  flask  A.  Saturation  occured  slowly  in  the  course  of  3-5  hours.  The  alcohol  at  first  yellowed  slightly  and 
towards  completion  of  the  reaction  had  a  brownish  hue.  The  temperature  in  flask  D  rose  to  40-45*  during  the 
reaction,  which  indicated  a  chemical  process  was  taking  place. 


Apparatus  for  alkylation  in  the  presence  of  BF3.  Explanation  in  text. 

After  the  reaction  was  complete,  introduction  of  BF3  was  stopped,  flask  D  was  closed  off  with  the  aid  of 
glass  stopcocks  and  left  to  stand  overnight.  The  compound  we  thus  obtained  was  then  transferred  to  a  flask  con¬ 
nected  to  reflux  condenser  and  mechanical  stirrer.  25  g  diphenyl  was  added  through  an  opening  in  the  side  of 
this  flask;  the  reaction  mixture  was  heated  on  an  oil  bath  with  vigorous  stirring.  No  visible  changes  occurred 
until  the  temperature  of  the  oil  bath  reached  165-170*  (162-165*  in  the  reaction  mixture).  Only  when  this 
temperature  was  reached  did  a  vigorous  evolution  of  BF3  begin  in  the  form  of  bluish  fumes  which  evolved  and 
were  absorbed  by  anhydrous  alcohol.  The  reaction  mixture  vigorously  boiled  at  this  point  and  the  surface  of  the 
flask  and  reflux  condenser  became  covered  with  drops  of  water  which  copiously  dripped  back  down.  Alkylation 
began  at  this  time  as  indicated  by  the  formation  of  oily  drops  on  the  surface  of  the  liquid.  The  violent  boiling 
ceased  after  2-3  minutes  and  the  remainder  of  the  reaction  went  smoothly.  Heating  at  165-170*  was  continued 
from  30  minutes  to  one  and  one  haif  hours  and  for  the  normal  alcohols  —  to  3  hours.  The  oily  layer  gradually 
increased.  The  cooled  reaction  mass  was  diluted  with  water,  the  upper  oily  layer  was  treated  with  steam  to 
remove  the  unreacted  diphenyl  and  olefin  polymers.  The  olefins  were  collected  in  a  receiver  in  the  form  of  a 
light  oil  and  the  diphenyl  congealed  in  the  condenser.  The  undistilled  oil  was  separated,  dried  over  calcium 
chloride  and  then  fractionated.  Since  the  conditions  described  were  optimal  (yield  up  to  98%),  they  were  main¬ 
tained  for  the  other  alcohols. 

Alkylation  of  diphenyl  with  isoamyl  alcohol.  In  the  course  of  the  experiment  it  was  observed  that  the 
absorption  of  BF3  by  alcohol  was  more  intense  when  the  reaction  was  performed  with  ice  cooling.  On  the  con¬ 
trary,  a  comparatively  high  temperature  was  needed  for  the  process  of  alkylation  of  diphenyl;  therefore,  after 
many  experiments  we  devised  the  following  method  of  alkylation  in  two  stages.  Taken:  CaF2  55.5  g,  cone. 

H2SO4  135  ml,  B2O3  17.5  g,  isoamyl  alcohol  40  g,  diphenyl  25  g.  Saturation  of  the  alcohol  with  BF3  was  performed 


in  the  course  of  5  hours  with  ice  cooling.  The  increase  in  weight  was  about  18  g.  The  second  stage  entailed 
heating  on  an  oil  bath  to  165-170*  for  one  and  one  ha  if  hours.  The  yield  of  alkyldiphenyls  was  98^o,  based 
on  the  diphenyl.  We  obtained  4  fractions  at  765  mm:  1st  -  boiling  range  298-305*,  2nd -boiling  range  310- 
315*,  3rd  -  boiling  range  340-345*,  4th-  boiled  above  345*.  The  fractions  were  transparent,  almost  colorless 
oils.  Their  greenish  color  intensified  in  passing  from  the  1st  to  the  4th  fraction.  The  3rd  and  4th  fractions 
visibly  decolorized  bromine  water.  Analysis  showed  them  to  be  a  mixture  of  alkyldiphenyls  with  high-molecular 
olefin  polymers.  The  analytical  data  a  re  given  in  the  table. 


Initial  alcohol 

Temperature 

General 

1  Found  (in  %) 

1  Calcuiated  (%)1 

M 

+  diphenyl 

boiled 

solidi¬ 

fied 

■■ 

formation 

C 

H 

c 

H 

found 

calc¬ 

ulated 

Isoamyl  { 

298-302* 

-55* 

0.8876  1.5075 

C17H20 

91.16 

10.33 

91.07 

8.93 

217.11 

224.17 

1 

310-313 

-53 

0.8976  1.5102 

C22H30 

89.74 

10.31 

89.79 

10.21 

293.4 

294.22 

Isobutyl  / 

282-286 

-51 

0.9070  1.5295 

Ci«Hi, 

91.48 

9.03 

91.43 

8.57 

207.36 

210 

1 

306-308 

-46 

0.8952  1.5142 

C20H26 

90.35 

9.81 

90.23 

9.77 

259.76 

266 

n-Butyl  f 

308-310 

-70 

0.8950  1.5269 

CijHij 

91.31 

8.77 

91.43 

8.57 

208.8 

210 

1 

324-326 

-66 

0.8939  1.5248 

^20^26 

90.45 

9.94 

90.23 

9.77 

264.6 

266 

Isopropyl  / 

295-298 

-55 

0.9123  1.5475 

CisHj, 

91.85 

8.05 

91.84 

8.16 

199.5 

196 

1 

315-316 

-48 

0.8949  1.5480 

CigH22 

90.84 

9.55 

90.76 

9.24 

243.0 

238 

n- Propyl  f 

299-300 

-48 

0.9343  1.5349 

^15^16 

92.17 

8.47 

91.84 

8.16 

200.6 

196 

1 

328-330 

-41 

0.9297  1.5340 

C18H22 

91.02 

9.43 

90.76 

9.24 

236.0 

238 

Ethyl  / 

281-282 

-51 

0.9793  1.5681 

92.18 

7.79 

92.31 

7.69 

182.3 

182 

1 

304-305 

-50 

0.9547  1.5615  1 

1 

CjeHts 

91.61 

8.66 

91.43 

8.57 

212.1 

210 

Hexyl  / 

313-315 

1  - 

C18H22  ! 

90.78 

10.12 

90.74 

9.24 

240.7 

238 

1 

330-331 

1  — 

—  — 

C24HS4 

— 

— 

— 

— 

314.0 

322 

Monoisoamyldiphenyl;  tj  20  12.9164  (in  centipoises).  Iodine  number  43.4  (iodine  numbers  were  determined 
in  order  to  establish  the  purity  of  the  product  since  olefin  polymers  were  present  as  impurities).  Nitration  was 
carried  out  according  to  Hubner  and  Luddens  [6].  We  obtained  the  mononiiro  derivative  of  diisoamyldiphenyl. 

Found  N  4.05.  Cj^HasOiN.  Calculated  N  4.12. 

We  carried  out  the  oxidation  of  diisoamyldiphenyl,  boiling  range  310-315*  at  765  mm,  150-152*  at 
2  mm  with  1%  nitric  acid  in  sealed  tubes  with  heating  up  to  170*  for  12  hours.  We  obtained  two  acids;  p-di- 
phenylcarboxylic,  m.p.  226*  (literature  data  [7]  for  p-diphenylcarboxylic  acid  give  m.p.  229*)  and  terphthalic 
which  sublimed  above  300*. 

Alkylation  of  diphenyl  with  isobutyl  alcohol  was  performed  by  the  same  method.  The  same  amounts  of 
reagents  were  taken  for  the  preparation  of  BF3:  25  g  of  diphenyl,  40  g  of  isobutyl  alcohol  (b.p.  107-108*, 
dj®  0.8031,  nj)  1.3960).  The  addition  in  weight  (upon  weighing  before  and  after  saturation  with  BF3)  was  ac¬ 
counted  for  in  all  the  condensations.  It  amounted  to  18.28-18.40  g  for  40  g  of  alcohol.  The  duration  of  heat¬ 
ing  on  the  oil  bath  was  different  in  the  second  stage  of  the  experiment.  It  was  found  that  an  hour  and  a  half 
of  heating  fully  sufficed  for  the  completion  of  the  reaction.  If  heating  was  further  prolonged  (to  4-5  hours  in 
our  experiments),  the  yield  of  isobutylene  isomers  definitely  increased.  We  isolated  mono-  and  dibutyldi- 
phenyls—  transparent  oils  with  a  faintly  visible  greenish  hue.  The  yield  was  88%. 

Monoisobutyldiphenyl;  boiling  range  282-286*.  JI20  16.89,  Oxs  30.96,  iodine  number  18.2. 

Diisobutyldiphenyl  was  nitrated. 

Found  %:  N  4.21.  C2jH25C)2N.  Calculated  %:  N  4.49. 

Alkylation  of  diphenyl  with  n-butyl  alcohol  (b.p.  117-118*,  84®  0.8094,  n^  1.3908).  The  ratio  of  the 
reagents  was  the  same.  Heating  was  for  2-3  hours  on  an  oil  bath.  We  obtained  2  fractions:  1st— b.p.  308- 
310*  at  764  mm,  2nd  —  b.p.  324-326*.  The  yield  of  mono  and  dibutyldiphenyls  was  100%.  These  were  the 
purest  oils,  free  of  olefins  and  had  low  solidification  points  (  —66  to  — 70*). 
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Alkylation  of  diphenyl  with  isopropyl  alcohol  (b.p.  81-83*,  <14®  0.7885,  n^  1.3964).  The  ratio  of  reagents 
and  the  method  were  the  same.  Steam  distillation  yielded  0.450  g  of  unchanged  diphenyl.  We  obtained  a 
yield  of  mono-  and  diisopropyldiphenyls.  They  were  transparent  yellow  oils. 

Monoisopropyldiphenyl;  b.p.  295-298*,  1)20  18.94. 

Alkylation  of  diphenyl  with  n-propyl  alcohol  (b.p.  97-98*,  dj®  0.8031,  n^  0.3826).  Alkylation  was  per¬ 
formed  with  heating  for  4  hours.  We  obtained  2  fractions:  1st  —  b.p.  299-300*  at  757  mm,  2nd  —  b.p.  328-330*. 

The  total  yield  was  about  lOO^o.  We  obtained  relatively  pure  mono-  and  dipropyldiphenyls  as  shown  by  analysis. 
They  boiled  within  narrow  ranges. 

Monopropyldiphenyl:  b.p.  299-300*,  7)20  27.84,  Ojs  32.20,  iodine  number  21.8. 

Alkylation  of  diphenyl  with  ethyl  alcohol.  Anhydrous  alcohol  was  used.  Heating  (2  stages)  was  for  6  hours. 
Diphenyl  was  not  separated.  There  was  a  strong  odor  of  ethyl  alcohol  upon  alkylation  and  it  was  collected  in  a 
cooled  ampoule  and  identified.  We  obtained  2  fractions:  1st  —  b.p.  281-282*  at  768  mm,  2nd  —  b.p.  304-305*. 

The  total  yield  was  85.3%.  The  mono-  and  diethyldiphenyls  were  transparent  colorless  oils. 

Alkylation  of  diphenyl  with  hexyl  alcohol.  80'g  of  hexyl  alcohol  was  saturated  with  BF5  for  6  hours  with 
ice  cooling.  The  addition  in  weight  was  27.1  g.  107.1  g  of  the  molecular  compound  was  heated  with  60  g  of 
diphenyl  over  oil  bath  to  160-170*  for  3  hours.  Decomposition  of  the  molecular  compound  occurred  at  159-162*. 
After  usual  treatment,  the  upper  layer  was  distilled  over  metallic  sodium. 

We  obtained  2  fractions:  1st  fraction  —  b.p.  313-315*  at  750  mm,  148-150*  at  2  mm,  a  40.6. 

Found  %:  C  90.78;  H  10.12.  M  240.7.  C18H22.  Calculated*^:  C  90.74;  H  9.24.  M  238. 

The  2nd  fraction  boiled  at  330*  at  750  mm,  170-174*  at  2  mm;  M  314. 

Hexyldiphenyls  had  been  previously  prepared  by  I.  S.  Pokrovskaya  and  R.  Ya.  Sushchik  [8]  by  the  re¬ 
action  of  hexyl  bromide  with  diphenyl  in  the  presence  of  AICI3,  They  prepared  the  mono-(2  isomer),  di-(2  isomer) 
and  trihexyldiphenyls  in  yields  of  up  to  80%.  We  obtained  only  one  monohexyldiphenyl  and  one  dihexyldiphenyl 
in  the  presence  of  BF3.  The  isolated  compounds  were  pure  oily  products  with  a  yellowish  cast.  Their  yields,  based 
on  diphenyl,  were  theoretical. 


SUMMARY 

1.  A  method  was  developed  for  the  alkylation  of  diphenyl  with  ethyl,  n-propyl,  isopropyl,  n-butyl,  iso¬ 
butyl,  isoamyl  and  hexyl  alcohols. 

2.  It  was  established  that  the  purest  alkyldiphenyls,  almost  completely  free  of  unsaturated  compounds, 
are  obtained  when  the  alkylations  are  run  with  normal  alcohols. 

3.  The  diphenyl  is  alkylated  at  the  moment  when  the  molecular  compounds  of  the  alcohols  with  boron 
fluoride  suffer  decomposition  (decomposition  temperature  162-165*). 

4.  With  BF3  the  alcohols  form  molecular  compounds  of  the  2ROH’BF3  type. 

5.  Both  mono-  and  dialkyldiphenyls  are  obtained  in  the  alkylations,  with  the  former  predominating. 

6.  The  alkyldiphenyls  obtained  by  us  are  oils  with  low  freezing  points  and  fairly  viscous;  they  fail  to 
decompose  when  distilled  at  atmospheric  pressure  and  are  stable  to  oxidizing  agents. 
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THE  PREPARATION  AND  PROPERTIES  OF  N  -  A  R  Y  LM  A  L  E I M  IDE  S 


A.  E.  Kretov  and  N.  E.  Kulchitskaya 

The  N-arylmaleimides  are  slightly  studied  compounds  and  deserve  attention  from  both  the  theoretical 
and  practical  viewpoints.  In  the  literature  it  is  indicated  that  they  possess  both  insecticidal  and  fungicidal 
properties  [1]. 

The  N-arylmaleimides  are  best  obtained  by  the  cyclization  of  N-arylmaleamic  acids  in  accord  with  the 
scheme: 

CO-CH 

ArNHCOCH=  CHCOOH  — „  „  »  ArN^  || 

^CO-CH 

The  cyclization  of  N-arylmaleamic  acids  can  be  regarded  as  being  an  intramolecular  acylation  reaction 
with  the  cleavage  of  water.  As  was  to  be  expected,  the  indicated  reaction  proceeds  only  in  the  presence  of 
water- removing  substances.  According  to  the  literature,  the  latter  function  can  be  fulfilled  by  acetyl  chloride, 
phosphorus  pentoxide,  phosphorus  oxychloride,  phosphorus  trichloride,  phosphorus  pentachloride,  thionyl  chloride, 
acetic  anhydride,  etc. 

Considerable  amounts  of  side  products  are  formed  when  the  N-arylmaleamic  acids  are  reacted  with  acetyl 
chloride  [2],  consequently,  we  rejected  the  use  of  acetyl  chloride.  N-Phenylmaleimide  was  obtained  by  heating 
N-phenylmaleamic  acid  with  phosphoms  pentoxide  in  vacuo  at  250*  [3].  There  are  other  statements  on  the  use 
of  phosphorus  pentoxide  for  cyclizing  acids  of  the  indicated  type.  Literature  data,  and  also  our  studies,  show  that 
in  the  reaction  of  N-arylmaleamic  acids  with  P2O5  the  yields  of  the  N-arylmaleimides  are  usually  of  the  order 
of  50-60^0.  Piutti  [4]  used  phosphorus  oxychloride  for  the  cyclization  of  N-arylmaleamic  acids  in  organic 
solvents.  The  use  of  acetic  anhydride  for  the  cyclization  is  indicated  in  one  of  the  patents  [5].  Using  acetic 
anhydride  as  a  dehydration  agent,  Piutti  came  to  the  conclusion  that  the  latter  decomposes  p-hydroxyphenyl- 
maleamic  acid  into  the  acetyl  derivative  of  p-aminophenol  and  maleic  acid  [4].  As  a  result,  the  data  found 
in  the  literature  on  the  cyclization  of  N-arylmaleamic  acids  are  inadequate,  and  at  times  contradictory. 

We  used  phosphorus  pentoxide,  phosphorus  tri-  and  pentachlorides,  thionyl  chloride  and  acetic  anhydride 
in  the  role  of  condensation  agents.  The  cyckzations  with  phosphoms  pentoxide  were  realized  by  fusing  it  with 
the  N-arylmaleamic  acids  at  130-170*.  The  yields  of  the  N-arylmaleimides  were  50-60^. 

The  reaction  with  phosphorus  trichloride  was  run  in  boiling  xylene.  We  established  that  the  N-arylmale¬ 
imides  are  formed  under  short  heating  at  temperatures  not  exceeding  90*.  Prolonged  heating  results  in  the  re¬ 
action  going  further,  and  together  with  other  compounds,  the  imide  of  chlorosuccinic  acid  is  formed: 

CO-CH  CO-CH, 

ArN^  II  +  HCl  — >•  ArN'^  | 

'^CO-CH  '^CO-CHCl. 

When  the  N-arylmaleamic  acids  are  cyclized  in  the  presence  of  either  phosphoms  pentachloride  or 
thionyl  chloride  the  imides  of  chlorosuccinic  acid  are  formed  in  good  yields  by  the  postulated  scheme: 
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HC-CONHAr 

I  PCU  or  SOCli 

HC-CCX)H 


HC-CONHAr 

I  — 

HC-CO-Cl  . 

CO-CH, 

— ►  Ain'  I 

CO-CHCl. 


CO-CH 

ArN^  I  +  HCl  — ► 
XO-CH 


As  intemiediate  producu  of  the  indicated  reaction  we  attempted  to  isolate  the  acid  chlorides  of  the 
N-arylmaleamic  acids.  However,  we  failed  in  this.  Quite  probably  the  acid  chlorides  are  extremely  unstable 
compounds,  and  their  cyclization  with  the  loss  of  HCl  proceeds  very  rapidly. 

We  postulated  that  the  acid  chlorides  of  the  N-arylmaleamic  acids  with  negative  substituents  in  the 
aromatic  ring  would  be  more  stable.  To  confirm  this  we  ran  some  special  experiments  with  different  N-aryl- 
maleamic  acids  under  extremely  diverse  templerature  conditions,  but  still  we  were  unable  to  isolate  the  acid 
chlorides.  In  all  cases  we  obtained  the  N-arylamides  of  chlorosuccinic  acids.  The  formation  of  the  latter  was 
shown  by  their  identification  with  the  reaction  products  of  the  N-arylmaleimides  with  hydrogen  chloride  in 
acetic  acid  medium. 


When  the  N-arylmaleamic  acids  are  cyclized  with  acetic  anhydride  under  mild  conditions  the  N-aryl- 
maleimides  are  always  obtained  in  excellent  yield.  The  postulated  reaction  scheme  is; 


HC-CONHAr 


HC-COOH 


CHjQO 

> 

CHjCO 


CH,COOH  + 


1 


HC-CONHAr 

"  j 

hc-coocochJ 


HC-CO 


qo 

CHjCOOH  +  I  ^NAr. 


HC 


-d^ 


Under  more  drastic  conditioiu,  when  boiled  with  excess  acetic  anhydride,  acylation  takes  place  with  the 
formation  of  acetanilide  or  its  derivatives,  in  accord  with  the  scheme: 


HC-CONHAr  CH,CO  HC-CO 

I  -  ArNHCOCH,  +  |  ^O  +  CHjCOOH. 

HC-COOH  CHjdO  HC-dO 

In  some  cases,  for  example  with  acetamido]^enylmaleamic  acid,  the  formation  of  the  diacetyl  derivative 
proceeds  with  great  ease.  A  study  of  the  cyclization  reaction  of  N-arylmaleamic  acids  and  the  ease  of  formation 
here  of  N-arylmaleimides  in  good  yields  permits  making  the  assertion  that  the  N-arylmaleamic  acids  are  the 
cis-isomers. 

The  method  developed  by  us  for  the  synthesis  of  N-arylmaleimides  with  the  aid  of  acetic  anhydride  in 
the  presence  of  sodium  acetate  is  both  general  and  fully  accessible;  this  convenience  is  of  great  importance 
when  it  is  considered  that  some  of  these  syntheses  find  practical  use.  With  the  aid  of  this  reaction  we  synthesized 
and  studied  some  previously  unknown  N-arylmaleimides. 


EXPERIMENTAL 

Reaction  of  N-arylmaleamic  acids  with  phosi^orus  pentoxide.  9.5  g  N-phenylmaleamic  acids  was  heated 
on  an  oil  bath  to  100-130*  and  3  g  of  phosphorus  pentoxide  was  added  with  stirring  to  the  hot  acid.  After  4-5 
minutes,  the  reaction  began  and  was  accompanied  by  a  rapid  temperature  rise  to  160-180*  after  which  the  re¬ 
action  mass  liquified.  It  solidified  upon  cooling.  The  melt  was  treated  with  water,  filtered,  dried  and  then 
extracted  with  benzene.  The  benzene  extract  was  filtered  free  of  precipitate,  the  imide  was  precipitated  in  the 
filtrate  with  gasoline  and  the  dry  imide  was  then  recrystallized  from  a  benzene- gasoline  mixture.  The  data  for 
the  3  imides  which  we  synthesized  by  this  method  are  presented  in  Table  1. 

Reaction  with  phosphorous  trichloride.  9.5  g  N-phenylmaleamic  acid  was  placed  in  a  3-necked  flask 
fitted  with  stirrer,  reflux  condenser  and  dropping  funnel  and  150  ml  dry  xylene  was  added.  The  mixture  was 
heated  to  a  boil  and  1.7  ml  of  PCly  was  added  drop-wise  with  stirring.  The  mixture  was  boiled  for  5  minutes, 
then  cooled  and  filtered;  most  of  the  solvent  was  driven  off  from  the  filtrate  and  gasoline  was  added  to  the  con¬ 
centrated  solution  of  the  imide.  The  imide  which  came  down  was  crystallized  from  a  l>enzene-gasoline  mixture. 
It  was  in  the  form  of  yellow  needles  which  melted  at  88-89*.  A  test  mixture  of  the  compound  with  pure  N-pheAyl 
maleimide  gave  no  depression. 


) 
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TABLE  1 


Name 

!  Formula  of  imide 

Yield  (in  %) 

Melting  point 

Nitrogen  content  (in  %) 

found 

calculated 

N-Phenylmaleimide 

C10H7O2N 

56 

88-89* 

7.9 

8.1 

N-p-Tolylmaleimide 

CnHsOzN 

51 

141-143 

7.46 

7.5 

N-p-Methoxyphenylmale- 

C11H9O3N 

51 

148 

7.08 

6.9 

imide 


TABLE  2 


No. 

Imides  of  chlorosuccinic  acid 

Formula 

■ 

■H 

j  Content 

chlorine  | 

(in  %) 

^  nitrogen 

1  found 

calculated] 

1  found  calculated 

1 

N-Phenylimide  , 

1 

,  C^rtHgOzNCl 

;  118-119* 

i 

:  16.5 

1 

16.9 

1  6.6 

2 

N-p-Tolylimide  j 

i  CiiHioOgNCl 

157 

70 

16.2 

15.88 

6.2  1 

'  6.26 

3 

N-m-Tolylimide 

CiiHioOzNCl 

137-138 

76 

16.02 

15.88 

6.1 

6.26 

4 

N-o-Tolylimide 

C11H10O2NCI 

120-121 

70 

— 

— 

6.39 

6.26 

5 

N-p-Ethoxyphenylimide 

CizHjzOjNCl 

125 

68 

13.7 

14.00 

5.4 

5.5 

6 

N-p-Methoxyphenylimide 

C11H10O3NCI 

142-143 

71 

— 

— 

6.0 

5.88 

7 

N-m-Nitrophenylimide 

C10H7O4N2CI 

145-146 

79 

14.28 

13.9 

10.86 

11.00 

8 

N-p-Nitrophenylimide 

C10H7O4N2CI 

173-174 

84 

13.7 

13.9 

11.26 

11.00 

TABLE  3 


Name 

1  Formula 

found 

calculated 

Acetanilide 

CgHjON 

113-114* 

74 

10.46 

10.36 

m-Acetotoluidide 

C9H11ON 

64-65 

75 

9.50 

9.38 

p-Acetanisidide 

C9Hn02N 

126-127 

70 

8.29 

8.48 

o-Chloroacetanilide 

CgHgONCl 

87-88 

73 

8.3 

8.26 

p-Chloroacetanilide 

CgHgONCl 

175-176 

76 

8.1 

8.26 

When  the  same  quantities  of  reagents  were  boiled  for  a  longer  period  of  time  (40-45  minutes),  a  yield 
of  up  to  30%  was  obtained  of  a  white  crystalline  compound  which  melted  at  118-119*;  it  was  the  imide  of 
chlorosuccinic  acid. 


Found  %:  N  7.0,  6,7  (Kjeldahl);  Cl  16.7  (Volhard).  CioHgOzNCl.  Calculated  %:  N  6.6;  Cl  16.9. 

Reaction  of  N-arylmaleamic  acids  with  phosphorus  pentachlorlde  and  thionyl  chloride.  9.6  g  N-phenyl- 
maleamic  acid,  heated  to  35-40*,  was  mixed  with  11.5  g  of  phosphorus  pentachloride.  The  reaction  proceeded 
rapidly  and  the  temperature  rose  to  75*.  After  cooling,  the  congealed  mass  was  washed  with  water  until  there 
was  no  acid  reaction  with  congo.  The  dried  product  was  recrystallized  from  a  benzene-gasoline  mixture. 
Several  imides  of  chlorosuccinic  acid  were  obtained  by  this  method  with  certain  modifications.  The  data  on 
them  is  given  in  Table  2  (Compounds  1-6).  The  composition  of  the  prepared  imides  of  chlorosuccinic  acid  was 
confirmed  by  analysis  and  comparison  with  the  compounds  synthesized  from  N-arylmaleimidesandHCl  (mixing 
tests). 


Thionyl  chloride  reacts  in  the  same  manner  as  phosphorus  pentachloride  with  N-arylmaleamic  acids. 

5  ml  SOClg  was  added  with  stirring  to  5.7  g  of  N-phenylmaleamic  acid.  The  reaction  went  at  room  temperature 
in  the  course  of  10-15  minutes.  The  reaction  mass  was  poured  into  a  small  porcelain  cup  and  left  exposed  until 
complete  escape  of  SO2  and  HCl.  The  solidified  crystalline  mass  was  recrystallized  from  benzene.  We  obtained 
a  white  crystalline  substance,  m.p.  117-118*.  Its  yield  was  5,2  g  (83%).  A  test  mixture  with  the  N-phenylimide 
of  chlorosuccinic  acid  gave  no  melting  point  depression.  At  — 10*  and  after  2  hours  of  reaction,  the  yield  was 
87%. 


Found  %:  N  6.89;  Cl  16.3.  CioHgOzNCl.  Calculated  %:  N  6.68;  Cl  16.90, 
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The  reaction  with  SOClg  also  yielded  the  m-  and  p-nitrophenylimides  of  chlorosuccinic  acid.  The  re¬ 
action  was  performed  at  12-  15*  for  1  and  2  hours.  The  data  are  given  in  Table  2  (Compounds  7  and  8). 

In  order  to  identify  the  compounds  isolated,  the  already  cited  N-ary limides  of  chlorosuccinic  acid  were 
synthesized  concurrently  by  the  reaction  ofN-arylmaleimides  with  hydrogen  chloride. 


TABLE  4 


Name 

Formula 

Temperature 

Yield 

Melting  point 

Analysis 

(in  <7o) 

1  N  (in  %)  1 

molecular  weight 

lounu 

found 

calculated 

N-o-Methoxy- 

CuHgOjN 

50-60* 

79 

119-120* 

6.68 

6.89 

205.1 

203.2 

phenylmale- 

imide 

i 

j 

203.8 

N-o-Chloro- 

CtoHjOzNCl 

40 

80 

59-60 

6.95 

6.75 

209.0 

207.6 

phenylmale- 

imide 

1 

6.88 

j 200.0 

N-p-Chloro- 

Ci,H«OjNCl 

75-80 

79 

109-110 

6.96 

6.75 

210.6 

207.6 

phenylmale- 

imide 

6.95 

202.0 

N-0 -Naphthyl- 

C14H9O2N 

65-70 

92  • 

154-155  , 

1  6.45  i 

i  6.28 

228.8 

223.2 

maleimide 

1 

;  6.38  I 

1 

1 

1 

N-p-Benzene- 

CisHiiOjNs 

75 

85 

160-161 

15.2 

15.15 

270.5 

273.3 

azophenyl- 

maleimide 

14.95 

N-2,5-Di- 

i  C10H5O2NCI2 

40 

88 

109-110 

5.95 

5.79 

237.5 

242.1 

chlorophenyl- 

maleimide 

1 

5.79  i 

240.0 

N-2,4,5-Tri- 

C10H4O2NCIS 

60 

82 

104 

5.20 

5.06 

281.3 

276.5 

chlorophenyl- 

maleimide 

271.3 

N-4-Chloro-2- 

C10H5O4N2CI 

65 

90 

169 

11.30 

11.17 

250.4 

252.6 

nitrophenyl- 

maleimide 

249.4 

N-2-Nitro-4- 

Cl2HigC^N2 

40 

87 

83 

11.01 

10.75 

258.5 

262.6 

ethoxyphenyl' 

maleimide 

10.80 

N-3-Nitro-4- 

CiiH,04N2 

53-55 

86 

102 

12.27 

12.06 

228.3 

232.2 

tolylmale- 

imide 

1 

N-5-Nitro-2- 

CuH,04N2 

65 

90 

167-168 

12.1 

12.06 

230.0 

232.2 

tolylmale- 

imide 

227.8 

N-4-Chloro- 

CiiHjOiNCl 

25 

91 

68 

6.38 

6.32 

218.0 

221.5 

2-tolylmale- 

imide 

N-4-Acetami- 

C12H10OSN2 

70 

84 

166 

12.12 

12.17 

- 

- 

dophenyl- 

maleimide 

12.37 

Reaction  of  N-arylmaleamic  acids  with  acetic  anhydride  under  harsh  conditions.  0.02  mole  of  N-aryl- 
maleamic  acid  was  boiled  with  0.08  mole  of  acetic  anhydride  for  1-1.5  hours.  The  reaction  mass  was  then 
poured  into  a  beaker  with  water  and  the  liquid  was  brought  to  a  boil;  the  excess  of  anhydride  hydrolyzed  and 
upon  cooling  the  solution,  a  white  crystalline  precipitate  of  acetanilide  fell  down.  Several  acetanilides,  listed 
in  Table  3,  were  synthesized  by  this  method. 

Reaction  of  N-arylmaleamic  acids  with  acetic  anhydride  under  mild  conditions.  1  g  sodium  acetate  and 
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0.09  mole  acetic  anhydride  were  added  to  0.03  mole  N-arylmaleamic  acid.  The  reaction  mixture  was  heated 
on  a  water  bath,  while  stirring,  from  40  to  80*  depending  on  the  rate  of  reaction  and  held  at  this  temperature 
from  ‘’0  to  40  minutes.  After  cooling,  the  reaction  mass  was  poured  on  ice.  The  insoluble  precipitate  of  the 
imide  was  filtered  off,  washed,  dried  and  recrystallized  from  a  benzene-gasoline  mixture.  We  obtained  the 
N-arylmaleimides  by  this  reaction.  The  reaction  conditions,  properties  and  analytical  data  for  the  compounds 
isolated  are  presented  in  Table  4. 

A  characteristic  property  of  acet-p-phenylmaleimide  is  the  exceptional  ease  of  displacement  of  the 
maleic  radical  with  acetic  anhydride  and  the  subsequent  formation  of  diacet-p-phenylenediamine. 

SUMMARY 

1.  The  ease  with  which  the  N-arylmaleamic  acids  are  cyclized  indicates  that  they  have  the  cis-isomer 
structure. 

2.  As  the  result  of  the  intramolecular  cleavage  of  water  in  the  action  of  PgOj  on  N-arylmaleamic  acids 
the  corresponding  imides  are  obtained  in  50-607o  yields. 

3.  In  the  reaction  of  the  N-arylmaleamic  aciSs  with  either  PCI5  or  SC)Cl2  the  end  reaction  products  are 
the  N-arylamides  of  chlorosuccinic  acids. 

4.  Depending  on  the  reaction  conditions,  the  use  of  phosphorus  trichloride  for  the  cyclization  leads  to 
the  formation  of  either  the  imides  of  the  N-arylmaleamic  acids  or  the  imides  of  chlorosuccinic  acid. 

5.  A  simple  method  was  developed  for  the  preparation  of  N-arylmaleimides  by  reacting  the  appropriate 
acid  with  acetic  anhydride  in  the  presence  of  sodium  acetate. 

6.  Thirteen  new  N-arylmaleimides  and  6  new  N-arylamides  of  chlorosuccinic  acid  were  synthesized 
and  their  properties  studied. 
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SYNTHESIS  OF  SOME  3 . 6 -E  N  DOXO  HE  X  AH  Y  DROP  H  T  H  A  LIC  ACID  DERIVATIVES 


N.  N.  Melnikov  and  V.  A,  Kraft 


In  recent  years  some  of  the  3,6-endoxohexahyclrophthahc  acid  derivatives  have  found  agricultural 
use  as  nonselective  and  selective  herbicides  and  as  defoliants,  and  also  for  the  prepicking  removal  of 
leaves  from  the  cotton  and  other  plants  [1-8].  In  particular,  the  disodium  salt  of  exo-cis-  3,6-endoxohexahy- 
drophthalic  acid,  obtained  by  the  hydrogenation  of  the  maleic  anhydride  adduct  with  furan  [IO-I5, ,  has 
found  widespread  use.  The  use  of  this  compound  for  the  removal  of  cotton  leaves,  with  an  expenditure  norm 
of  1.5 -2.0  kg  per  hectare,  gives  satisfactory  results  and  accelerates  the  opening  of  the  cotton  boll  [9].  How¬ 
ever,  a  number  of  essential  disadvantages  are  possessed  by  this  compound,  the  most  important  of  which  are  the 
comparatively  high  toxicity  for  humans  and  animals  and  the  relatively  short-lived  effect,  since  in  a  short 
time  after  treating  plants  with  this  compound  the  cotton  plant  can  develop  secondary  sprouting.  In  connection 
with  the  above  it  appears  of  interest  to  study  the  different  derivatives  of  3,6-endoxohexahydrophthalic  acid 
for  the  purpose  of  obtaining  compounds  that  are  more  active  and  show  lower  toxicity  for  humans  and  animals. 

Despite  the  practical  use  of  3,6-endoxohexahydrophthalic  acid  in  agriculture,  a  conipletely  in? ue^uate study 
of  its  derivatives  and  homologs  has  been  made  up'  to  now;  Only  the  dimethyl  arfd  diallyl  esters  of  3,6-endoxohexa¬ 
hydrophthalic  and  3-methyl-3,6-endoxohexahydrophthalic  acids,  and  some  of  the  acid  esters,  salts. ^trid  imides  of 
these  acids,  have  beea  described. in  the.liteSlature  [12-17].  Some  of  the  bromo-3,6-endohexahydrophthalic  acids 
are  also  described  in  the  literature  [18-23]. 


Of  the  3,6-endoxohexahydrophthalic  acid  derivatives  it  appeared  of  first  interest  to  synthesize  the 
alkyl-  and  aryl-3,6-endoxohexahydrophthalamic  acids  (I),  since  the  arylphthalamic  acids  (II),  close  to  them 
in  structure,  show  high  physiological  activity  with  respect  to  a  large  number  of  plants  and  some  of  them 
have  found  use  as  selective  herbicides  [24,  25]: 


H,C 


CH 


CHCON^ 

1  '^R- 

CHCOOH 

/ 

y  \  / 

HC  C  -CON.: 

1  II  \ 

HC.^  C-COOH 

^CH^ 

(I) 

(II) 

R 

R’ 


We  obtained  the  alkyl-  and  aryl-3,6, -endoxohexahydrophthalamic  acids  by  reacting  the  appropriate 
anhydride  with  an  amine  in  an  organic  solvent: 

.CH 

^1  \ 

H.C  '  CH-CO. 

I  O  j  NHRR’  — ►  (I) 

H*C  CH-CO'^ 

\l  / 

CH 

Secondary  amines  form  the  corresponding  quite  stable  3, 6 -endoxohexahydrophthalamic c  acids  in  ex¬ 
cellent  yields,  while  the  aryl-3,6 -endoxohexahydrophthalamic  acids  are  unstable  when  heated,  and  even 
during  recrystallization,  are  easily  converted  into  aryl-3, 6-endoxohexahydrophthalimides.  The  correspond¬ 
ing  derivatives  of  3 -methyl-3,6 -endoxohexahydrophthalic  acid  were  synthesized  in  similar  manner,  which  in 
their  properties  approximate  the  3,6-endoxohexahydrophthalic  acid  derivatives.  The  compounds  obtained  by 
us  are  given  in  Table  1. 
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TABLE  1 


Substance 

Starting 

Yield 

Melting  point 

Nitrogen 

Molecular  Weight 

substances 

Analysis 

Determination  *  • 

(in  gmales) 

Found 

Calculated 

Found] 

Calc. 

' 

Anhydride 

Amine 

N -Alkyl -(aryl) - 
3,6 -endoxohexahy- 
droph  thalamic 
acids: 

- 

i 

! 

1 

N.N -Diethyl 

0.025 

0.025 

84.6 

132-133" 

5.70 

5.81 

5.70 

N -Phenyl 

0.01 

0.0095 

100 

161  with 

5.6 

5.36 

257.1 

261.2 

decomp. 

5.65 

255.4 

N-a  -Naphthyl 

0.005 

0.0048 

83.3 

164  1 

4.82  j 

4.50 

310.6 

311.0 

4.50  1 

308.0 

N-Ary limides  of 

3,6 -endoxohexahy  - 
drophthalic  acids: 

j 

N-Phenylimide 

0.01  . 

0.01 

100 

163-164 

5.74 

' 

5.76 

«  Neutral 

5.98 

N-a  -Naphthylimide 

0.05 

0.05 

100 

219-220 

5.25 

4.77 

Neutral 

5.08 

N -Alkyl -(aryl) -3- 
me  thy  1  -3 , 6  -endo  - 
xohexahydro- 
phthalamic  acids: 

N,N -Dimethyl 

0.1 

0.1 

100 

122-123 

6.36 

6.16 

6.46 

N,N -Diethyl 

0.1 

0.1 

90.2 

129-130 

5.69 

5.49 

5.43 

N -Phenyl 

0.01 

0.01 

85.2 

144-145 

5.05 

5.09 

268.4 

275.0 

■  5.03 

270.3 

N-a  -Naphthyl 

0.01 

0.0098 

77.8 

143.5-144 

4.24 

4.31 

;  318.1 

325.1 

1 

1 

4.36 

1 

321.2 

1 

N-Phenylimide 
of  3 -methyl-3,6 - 

£ 

1 

endoxohexahy dro  - 
phthalic  acid 

0.01 

0.01 

100 

.179.5-180 

6.29 

,  5.83 

Ne 

utral 

N -Alkyl -(aryl) -4, 
5-dichloro-3,6- 
endoxohexahy dro  - 
phthalic  acids: 

1 

6.07 

N,N -Diethyl 

0.005 

0.005 

57.7 

146-147 

4.85 

4.52 

4.42 

! 

N -Phenyl 

0.005 

0.0047 

100 

186*** 

4.03 

4.24 

319.2 

'330.2 

1 

4.24 

324.5 

i 

•  The  nitrogen  content  was  determined  by  the  Kjeldahl  method. 

•  •  The  molecular  weight  was  determined  by  titration. 

•  *  *  The  capillary  was  placed  in  the  apparatus  previously  heated  to  15"  below  the  melting  point. 
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TABLE  2 


Name 

Starting  Sub- 
stinces  (in 

Yield 

Melting  Point 

Molecular  Weight  Deter¬ 
mination 

g-moles) 

Found 

Calculated 

Anhydride 

Alcohol 

■ 

Esters  of  3,6-endoxohexahy¬ 
drophthalic  acid: 

Dipropyl 

0.05 

0.105 

73.5 

■ 

55-56' 

269.7,268.6 

270.0 

Diisopropyl 

0.05 

0.15 

59.0 

103-104 

269.0,266.5 

270.0 

Dibutyl 

0.05 

0.105 

73.5 

61-62 

297.8,295.0 

298.0 

Diisoamyl 

0.1 

0.21 

89.0 

86-87 

324,8,325.6 

326.0 

Esters  of  3 -methyl -3,6- 

endoxohexahydrophthalic 

acid: 

Di  propyl 

0.1 

0.21 

77.5 

61-62 

276.7,278.5 

284.0 

Diisopropyl 

0.1 

0.3 

81.5 

76.5-77.5 

282.2,280.1 

284.0 

Dibutyl 

0.1 

0.21 

83.5 

1 

CO 

311.4,313.1 

312.0 

Because  we  used  the  anhydrides  of  the  exo-cis  isomers  for  the  synthesis  of  the  aryl  and  alkyl-3,6-endo- 
xohexahydrophthalamic  acids  and  since  the  reaction  was  run  under  extremely  mild  conditions,  the  compounds 
that  we  obtained  are  also  undoubtedly  the  exo-cis  isomers  of  the  endoxohexahydrophthalamic  acids. 


In  connection  with  the  statements  existing  in  the  literature  on  the  higher  herbicidal  activity  of  the  esters 
when  compared  with  the  free  acids  and  their  salts  *  we  synthesized  a  number  of  previously  unknown  esters  of 
3,6-endoxohexahydrophthalic  and  3 -methyl-3,6 -endoxohexahydrophthalic  acids.  We  prepared  the  esters 
from  the  anhydrides  and  the  corresponding  alcohols  in  the  presence  of  small  amounts  of  benzenesulfonic  acid, 
with  removal  of  the  water  formed  in  the  reaction  by  azeotropic  distillation  with  dichloroethane.  The  com¬ 
pounds  obtained  by  us  are  given  in  Table  2.  The  testing  of  these  compounds  on  the  cotton  plant,  made  by 
K.  E.  Ovcharov,  revealed  that  they  are  practically  devoid  of  activity. 


Together  with  studying  the  carbonyl  derivatives  of  the  3,6-endoxohexahydrophthalic  and  3 -methyl-3,6 ■ 
endoxohexahydrophthalic  acids,  we  also  made  a  study  of  their  halo  derivatives.  First  we  undertook  a  study  of 
the  4,5-dichloro  derivatives  of  the  indicated  acids,  which  we  obtained  by  the  direct  chlorination  in  chloro¬ 
form  of  the  adducts  of  maleic  anhydride  with  furan  and  sylvan.  The  compounds  that  we  obtained  are  ap¬ 
parently  the  anhydrides  of  the  4,5-dichloro-exo-cis-3,6-endoxohexahydrophthalic  (III)  and  3-methyl-4,5- 
dichloro -exo -cis -3,6-endoxohexahydrophthalic  (IV)  acids: 


CIHC  I 
O 

CIHC  I 


CH-CO 

\ 

o. 

CH-CO^ 


(IV) 


By  analogy  with  the  corresponding  bromides  [17-22],  the  high-melting  products,  apparently,  have  the 
trans -configuration  for  the  halogens,  while  the  low-melting  products  have  the  cis -configuration. 


I 


I 


*  Thus,  for  example,  the  butyl  and  isopropyl  esters  of  2,4-D  show  a  herbicidal  activity  that  is  3-4  times 
that  of  the  sodium  salt  of  this  acid. 
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EXPERIMENTAL 


Preparation  of  the  anhydrides  of  3.6-endoxohexahvdrophthalic  and  3-methvl-3,6-endoxohexahvdro- 
phthalic  acids.  Ordinarily,  in  order  to  prepare  the  anhydride  of  the  exo  isomer  of  3,6  endoxohexahydro“ 
phthalic  acid  and  its  homologs,  the  corresponding  anhydrides  are  hydrogenated  in  solutions  of  organic  sol* 
vents  in  the  presence  of  colloidal  palladium  [10-12],  It  is  possible  to  hydrogenate  the  salts  of  the  acids  in 
aqueous  solution  in  the  presence  of  Raney  nickel  [26,  27],  In  the  latter  case,  hydrogenation  is  performed 
under  increased  pressure.  We  hydrogenated  the  .adducts  of  maleic  anhydride  witli  furan  and  sylvan  over 
metallic  palladium  supported  on  metallic  nickei  by  the  method  of  A.  S.  Ginsberg  and  A.  P.  Ivanov  [28], 
Hydrogenation  was  performed  in  acetone  as  well  as  aqueous  soda  solution  at  room  temperature  and  normal 
pressure.  The  completion  of  hydrolysis  was  determined  by  the  quantity  of  hydrogen  absorbea.  When  hydro¬ 
genation  was  complete,  the  catalyst  was  filtered  off  and  washed  with  an  organic  solvent.  The  washed 
catalyst  was  again  used  for  the  next  hydrogenation  operation.  In  most  cases,  the  catalyst  was  used  con¬ 
secutively  for  several  operations  without  loss  of  activity.  After  acetone  was  driven  off,  the  prepared  an¬ 
hydrides  were  recrystallized  and  their  constants  were  determined:  the  anhydride  of  3,6-endoxohexahy- 
drophthalic  acid  melted  at  116-117''  and  the  anhydride  of  3-methyl*3,6-endoxohexahydrophthalic  acid  ~ 
at  105-106'’,  which  corresponded  to  the  literature  data  for  the  exo  isomers  [10-12]. 

When  hydrogenation  was  performed  in  aqueous  soda  solution,  upon  acidification  of  the  solutions, 
the  corresponding  acids  separated  out  and  were  further  separated  out  in  the  form  of  anhydrides  by  treat¬ 
ment  with  acetyl  chloride.  The  yield  of  hydrogenation  products  was  almost  quantitative. 

Preparation  of  3,6-endoxohexahydrophthalamic  and  3-methyl*3,6-endoxohexahydrophthalamic  acids. 

These  acids  were  prepared  by  the  reaction  of  the  anhydrides  of  3,6-endoxohexahydrophthalic  and  3 -methyl  - 
3,6-endoxohexahydrophthalic  acids  with  the  corresponding  amines  in  dioxane  solution.  The  reaction  pro¬ 
ceeded  upon  simple  mixing  of  the  solution  of  the  above  compounds  in  dioxane  with  evolution  of  heat.  The 
reaction  products  crystallized  out  upon  cooling.  The  reaction  is  best  performed  with  cooling  since  in  the 
case  of  the  primary  amines,  a  rise  in  temperature  will  cause  the  formation  of  imides. 

Separate  experiments  showed  that  prolonged  heating  of  aryl-3, 6-endoxohexahydrophthalamic  acids 
caused  water  to  split  out  in  an  almost  quantitative  yield  of  the  corresponding  3,6-endoxohexahydrophtha- 
limides.  This  was  easily  confirmed  by  titration  with  alkali.  The  aryl-3, 6-endoxohexahydrophtnalamic 
acids  were  quantitatively  titrated  with  caustic  soda  in  alcoholic  or  acetone  solution  in  the  presence  of 
phenolphthalein  since  the  corresponding  imides  were  neutral. 

For  purification, the  N'alkyl(aryl) -3, 6-endoxohexahydrophthalamic  acids  were  recrystallized  from 
methyl  or  ethyl  alcohol. 

Reparation  of  the  esters  of  3,6-endoxohexahydrophthalic  and  3-methyl-3.6-endoxohexahydrophthalic 
acids.  For  0.1  mole  of  anhydride,  0.2  g  of  benzenesulfonic  acid  and  from  30  to  60  ml  of  dichloroe thane  were 
taken.  Esterification  was  jjerformed  in  an  apparatus  that  automatically  returned  to  the  reaction  flask  the 
dichloroe  thane  that  escaped  after  the  water  separated  out.  After  the  reaction  was  complete,  the  reaction 
mixture  was  washed  with  water  and  soda  and  dichloroethane  was  driven  off.  Upon  cooling,  the  residue 
crystallized  and  was  recrystallized  from  benzene. 

Preparation  of  3,6-endoxo-4,5-dichlorohexahydrophthalic  anhydride.  Upon  thorough  stirring  and  cool- 
to  0-5”,  49  ml  of  a  15.7%  solution  of  chlorine  in  chloroform  (a  10%  excess  with  respect  to  the  stoichiometric 
quantity)  was  gradually  added  to  a  suspension  of  16.6  g  of  the  anhydride  of  3,6-endoxotetrahydrophthalic 
acid  in  60  ml  of  chloroform.  After  the  entire  amount  of  chlorine  solution  had  been  added,  the  reaction  mix¬ 
ture  was  stirred  for  3  more  hours.  After  this  period,  the  precipitate  that  came  down  was  filtered  off  and 
washed  with  cold  chloroform.  The  yield  of  product  was  70.5%.  After  recry stallization  from  chloroform,  it 
melted  at  161-162”. 

Found  %  Cl  29.64,  29.58.  CjHgO^Cli.  Calculated  %:  Cl  29.91. 

Preparation  of  3-methyl-3,6-endoxo-4,5-dichlorohexahvdrophthalic  anhydride.  Under  the  conditions 
described  in  the  previous  section,  18  g  of  3 -methyl-3,6 'endoxotetrahydrophthalic  anhydride  and  111  ml  of 
7%  solution  of  chlorine  in  chloroform,  after  standing  for  one  night,  yielded  after  filtration  1.35  g  of  product 
which  melted  at  151  -152”  after  recrystallization  from  benzene. 

Found  %c  Cl  27.78,  27.91.  CgHgOgClj.  Calculated  %:  Cl  28.24. 
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After  the  chloroform  was  driven  off,  we  isolated  a  substance  which  melted  at  107*.  Analysis  showed 
the  product  to  be  3 -methyl-3, 6-endoxo -4,5 -dichlorohexahydrophthalic  anhydride  and, evidently,  the  cis 
isomer. 

SUMMARY 

1.  For  the  purpose  of  studying  their  physiological  activity  on  plants  we  synthesized  a  number  of  pre¬ 
viously  unknown  esters  of  3,6-endoxohexahydrophthalic  and  3-methyl-3,6-endoxohexahydrophthalic  acids. 

2.  A  number  of  previously  unknown  aryl-  and  alkyl-3,6 -endoxohexahydrophthalamic  acids  and  their 
derivatives  were  also  synthesized. 

3.  The  chlorination  of  3,6-endoxotetrahydrophthalic  and  3 -methyl-3,6 -endoxotetrahydrophthalic 
anhydrides  gave  the  previously  unknown  anhydrides  of  3,6-endoxo-4,5-dichlorohexahydrophthalic  and 
3 -methyl-3, 6“endoxo-4,5-dichlorohexahydrophthalic  acids. 
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QUINOLINE  DERIVATIVES.  XII. 


B.  I.  Ardashev  and  B.  A.  Tertov 


We  present  in  this  paper  some  experimental  material  that  serves  as  confirmation  and  further  develop¬ 
ment  of  our  previously  published  communications  [1,  2]. 

I.  Mutual  Condensation  of  Acetylated  Amines.  Formaldehyde  and  Methyl  Ethyl  Ketone.  Our  method 
for  the  preparation  of  lepidine  and  its  derivatives  from  acetylated  aromatic  amines  has  been  described  earlier 
[1,  2].  In  accord  with  the  mechanism  for  this  reaction  the  replacement  of  acetone  by  another  ketone  can 
lead  to  the  synthesis  of  difficulty  available  3,4-dialkyl-substituted  quinolines,  thus  Manske  obtained  3,4- 
dimethylquinoline  from  o -aminoacetophenone  and  propionaldehyde  in  low  yield,  and  also  from  aniline  and 
the  difficulty  available  2-methyl-3-oxobutanone  [3].  We  established  that  3,4 -dime thy Iquino line  and  its 
homo  logs  are  formed  from  acetylated  arylamines,  formaldehyde  and  methyl  ethyl  ketone  under  the  con¬ 
ditions  of  our  described  reaction.  4-EthylquinolIne  is  also  formed  in  small  amounts,  which  can  easily  be 
removed  by  recrystallizing  the  product  to  a  constant  melting  point. 

II.  Synthesis  of  Some  Phenylquinolines  f  rom  Arylamines  and  Cinnamaldehyde.  Although  a  -acylated 
quinolines  are  comparatively  available,  still  the  existing  methods  for  their  preparation  require  further  improve 
ment.  A  characterization  of  the  general  methods  for  the  preparation  of  a  -phenylquinolines  is  given  in  the 
paper  by  N.  S.  Kozlov  [4].  In  this  paper  we  studied  the  reaction  of  aromatic  amines  with  cinnamaldehyde 

for  the  purpose  of  establishing  its  mechanism  and  to  elucidate  the  possibility  of  using  it  for  preparative  pur¬ 
poses. 

When  we  ran  this  reaction  in  hydrochloric  acid  medium,  by  the  method  of  Doebner  and  Miller,  we 
obtained  only  about  10%  of  the  theoretical  yield  of  a -phenylquinoline,  while  o-toluidine  gave  an  insignifi¬ 
cant  yield,  and  complete  tarring  was  observed  when  the  anisidines  were  used.  In  sulfuric  acid  medium  the 
variation  described  by  Grimaux  [5]  gave  the  poorest  result;  Murman  was  able  to  achieve  greater  success  in 
his  synthesis  of  a  -phenylquinoline  in  sulfuric  acid  medium,  especially  when  he  introduced  an  excess  of 
aniline  into  the  reaction  and  used  sulfuric  acid  of  variable  concentration,  and  by  using  nitrobenzene  as  an 
oxidizing  agent  [6,  7].  When  calculated  on  the  cinnamaldehyde,  Murman  obtained  up  to  50%  of  the  the¬ 
oretical  yield  of  a  -phenylquinoline  in  the  separate  experiments,  but  when  calculated  on  the  aniline,  the 
yield  was  approximately  only  20%  of  the  theoretical.  However,  the  Murman  method  is  not  applicable  for 
a  number  of  aniline  derivatives,  for  example,  the  anisidines,  due  to  their  tarring  under  these  conditions. 

We  studied  the  synthesis  of  the  a  -phenylquinolines,  both  directly  from  cinnamaldehyde  and  certain 
amines  and  also  from  the  anils  of  various  aromatic  amines,  which  made  it  possible  to  establish  the  mech¬ 
anism  for  this  reaction  [1]  and  as  a  result  of  this  to  select  the  conditions  giving  the  best  yields  of  the  a  - 
pheny  Iquino  lines . 

When  cinnamylideneaniline  is  taken  as  the  starting  anil  and  p-anisidine  is  added  to  the  reaction 
mixture,  then  the  latter  ,  being  the  more  basic  amine, displaces  the  aniline  from  the  anil  [8,  9],  as  a 
result  of  which,  in  accord  with  the  presented  scheme,  a  -phenylquinoline  is  formed.  Depending  on  the 
degree  of  basicity,  the  other  amines  also  react  in  similar  fashion. 

At  elevated  temperature  in  weakly  alkaline  medium  the  cyclization  of  the  diene  anils  proceeds 
with  the  formation  of  y  substituted  quinolines  [10,  11].  In  this  case  y -phenylquinolines  are  formed  from 
the  anils  of  cinnamaldehyde  [1].  The  experiments,  summarized  in  Table  4,  are  preliminary,  since  the 
method  can  be  improved,  for  example,  by  running  the  reaction  in  the  medium  of  an  inert  gas. 
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EXPERIMENTAL 

Syntheses  from  acetylated  amines.  Synthesis  of  3,4-dimethylquinoline.  We  took  20  g  of  acetanilide 
and  20  ml  methyl  ethyl  ketone.  The  first  part  of  the  synthesis  was  performed  as  for  the  preparation  of 

4,6,8-trimethylquinoline  [2].  After  hydrolysis  of  the  unreacted  acetanilide,  the  flask  was  cooled  and  a 
40®^  solution  of  caustic  soda  was  added  until  the  solution  gave  a  basic  reaction  and  100  ml  of  alcohol  was 
added.  The  ferric  hydroxide  which  came  down  was  filtered  off,  30  ml  of  concentrated  hydrochloric  acid 
was  added  to  the  filtrate  and  the  quinoline  base  was  precipitated  by  a  saturated  solution  of  potassium  fer- 
rocyanide  [12].  After  decomposition  with  \0°lo  caustic  soda  solution,  the  oil  that  formed  was  extracted  with 
ether,  the  ether  was  driven  off  and  the  quinoline  base  was  distilled.  We  obtained  4.3  g  (18.5‘7o)  of  product 
which  completely  crystallized.  After  recrystallization  from  n-hexane,  the  3,4-dimethylquinoline  melted  at 
73-74’.  The  picrate  melted  at  217’. 

Found  ojff.  N  8.85.  CaHaN.  Calculated  <7«  N  8.91. 

The  syntheses  of  the  homologs  of  3,4-dimethylquinoline  that  are  not  described  in  the  literature  were 
performed  in  the  same  manner  (Table  1). 


TABLE  1 

Properties  of  Certain  Homologs  of  3,4-Dimethylquinoline 


Name  of  initial  amine 

Yield  of  quinoline 
base  (”10) 

1  Temperature 

boiled 

at 

melted 

at 

picrate 

melted 

at 

Acetyl-p-toluidine 

20 

~300’ 

67’ 

236“ 

Acetyl  -0  -toluidine* 

20.5 

~295 

56 

225 

Acetyl-m  -xylidine* 

32 

— 

89 

210 

•  Purified  through  the  difficulty  soluble  hydrochloride  salt. 


3  4,6-Ttimethylquinoline. 
Found  *7o:  Ft  25.81.  (CaHaN’HCl)2 
PtClj.  Calculated  ’’la.  Pt  25.96. 

Found  ’’ja.  N  8.32.  CaH^N.  Cal¬ 
culated  N  8.20. 

3.4.8- Trimethylquinoline. 
Found  <7o:  Pt  24.73;  HjO  4.74 
(CaHuN  •  HCl)2PtCl4-  2H2O.  Calcula¬ 
ted  °]a.  Pt  24.79,  HjO  4.58.  Found 

N  8.09  CaHyN.  Calculated  <70:  N8.20. 

3.4.6.8- Tetramethylquino- 
line  .  Found  ’’la.  Pt  24.01;  HjO  4.48 
(CaHaN  •  HCl),PtCl4  •  2H2O.  Calcular 
ted  ’’la.  Pt  23.86;  H2O  4.40.  Found  ’^a. 

N  (7.70  CaH^N.  Calculated  <7r.  N  7.57. 


Syntheses  of  phenylquino lines.  At  first,  experimental  syntheses  for  phenylquinolines  were  conducted  by  the 
following  scheme.  A  mixture  of  14  g  of  aniline.  7  g  of  nitrobenzene  and  45  g  of  crystalline  orthophosphoric  acid 
(98-99<7»>  was  heated  on  an  oil  bath  for  2  hours.  The  temperature  of  the  reaction  was  130-140'.  25  g  of  freshly 
distilled  cmnamaldehyde  was  then  gradually  added  through  a  dropping  funnel.  When  the  reaction  was  com¬ 
plete,  the  mixture  was  boiled  for  15-20  minutes  in  dilute  hydrochloric  acid  (1 : 3),  50  ml  of  which  was  added. 
The  nitrobenzene  was  driven  off  with  steam.  The  solution  was  allowed  to  settle,  decanted  from  the  resin  and 
alkalized  with  a  saturated  soda  solution.  The  product  was  extracted  with  ether  and  distilled  after  its  ethereal 
solution  had  been  dried  with  p>otash.  After  recrystallization  from  alcohol,  a  -phenylquinoline  melted  at  81’  and 
its  picrate  —  at  187’.  The  expierimental  results  are  presented  in  Table  2.  The  data  of  the  table  show  that  the 
yields  of  phenylquinolines  were  higher  than  they  were  in  a  sulfuric  acid,  and  even  more  so  than  in  a  hydrochloric 
acid  medium. 


Syntheses  of  phenylquinolines  from  anils  of  cinnanialdehyde.  When  the  reaction  was  performed  with 
anils,  it  was  found  that  the  maximum  phenylquinoline  yields  were  obtained  when  2  moles  of  the  amine  was 
reacted  together  with  the  anil.  The  following  scheme  was  devised  as  a  result  of  this.  18  g  of  p-toluidine, 

7  g  of  p -nitrotoluene  and  30  g  of  crystalline  orthophosphoric  acid  were  placed  in  a  250  ml  round -bottomed 
flask.  The  flask  was  placed  in  an  oil  bath  (heated  to  150’)and  gradually,  in  the  course  of  30  minutes,  18  g 
of  the  anil  of  p-toluidine  was  added  through  the  condenser.  The  reaction  continued  for  3  hours  at  160-170°, 
Sep>aration  of  the  base  was  p)erformed  as  in  the  previous  case.  Tlie  results  of  several  exp)eriments  are  given 
in  Table  3. 


Syntheses  with  various  amines  and  anils.  Experiment  1.  16  g  of  cinnamylideneaniline  and  20  g  of  p- 
anisidine  were  reacted  in  the  manner  prescribed.  We  isolated  a -phenylquinoline  the  picrate  of  which  melted 
at  187’.  Its  yield  was  5.6  g  (35<7o). 
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T  ABLE  2 


TABLE  3 


Yields  of  Phenylquino lines  Prepared  from  Aromatic  Yields  of  Phenylquinolines  Prepared  from  Anils  of 

Amines  and  Cinnamaldehyde  in  Phosphoric  Acid  Cinnamaldehyde  in  Phosphoric  Acid  Medium 

Medium 


Initial  compounds  | 

Phenyla 

uinolines 

Amines  1 

Taken  (in  g)  j 

1  Yield  of  phenyl- 

Name 

melting  1 

!  taken 

yield  (in 

melting 

quinolines  (in  % 

point 

'  (in  g) 

%  on 

point 

on  amine) 

[  anil) 

(from 

Aniline 

14 

23.5 

— 

1 

alcohol) 

p-Toluidine 

16 

23.0 

Anil 

107* 

16 

47.5 

83 

0  -Toluidine 

16 

9.3 

p-Methyl- 

m-Xylidine 

18 

15.0* 

anil 

82 

18 

49.0 

69 

p-Anisidine 

18 

17.6 

0 -Methyl- 

o-Anisidine 

18 

9.0 

anil 

73 

18 

41.0 

48 

r 

2,4 -Dimethyl 

anil 

80 

20 

35.0 

- 

•  6,8 -Dimethyl 

-a  -phenylquinoline  is  not  described 

p-Methoxy- 

in  the  literature. 

It  was  a  viscous  oil  that  boiled  at 

anil 

123 

20 

53.5 

133 

330-350“.  It  did  not  form  a  picrate. 

Experiment  2.  20  g  of  cinnamylidene-p-anisidine  and  16  g  of  aniline  were  reacted.  We  isolated  a  - 
phenylquinoline,  the  picrate  of  which  melted  at  187“  and  gave  no  depression  with  the  picrate  of  known  a  - 
phenylquinoline.  Its  yield  was  4.5  g  (26%  based  on  the  anil).  A  similar  result  was  obtained  when  the  reac-  i| 

tion  was  performed  with  the  hydrochloride  salts  of  the  anils  and  amines  in  a  fusion  (200*)  or  in  solvents. 

Experiment  3.  18  g  of  cinnamylidene-p-toluidine  and  15  g  of  o-toluidine  were  reacted.  We  obtained 
an  oily  product  which  partially  crystallized  upon  standing  and  had  a  characteristic  odor.  It  did  not  form  a 
picrate.  Its  yield  was  4  g  (22%. 

Syntheses  of  ■y-phenylquinolines.  3  g  of  the  m-methylanil  of  cinnamaldehyde  was  placed  in  a  clean 
copper  tube,  30  cm  long,  1.5  cm  in  diameter  with  previously  dried  AI2O3  catalyst.  The  tube  with  its  con¬ 
tents  was  placed  in  a  combustion  furnace  and  the  temperature  was  brought  to  400  -450".  It  was  measured 
by  a  thermometer  located  between  the  inner  wall  of  the  furnace  and  the  outer  surface  of  the  tube.  Dry  air 
was  passed  through  the  apparatus  to  secure  a  more  complete  volatilization  of  the  product.  The  receiver,  con¬ 
nected  through  an  adapter,  was  cooled  with  ice.  2.40  g  of  crude  product  was  obtained  in  the  form  of  a  crystal 
line  compound  which  melted  at  129*.  The  picrate,  m.p.  207*,  A0.6°]o  yield,  was  obtained  from  alcoholic 
solution. 

The  melting  point  of  the  picrate,  similarly  prepared  from  the  anil  of  cinnamaldehyde,  was  225*  which 
corresponded  to  that  cited  for  the  picrate  of  y  -phenylquinoline  [13]. 

Found  <7o:  N  12.96.  CjHjNCeH^- C6H2(N02)sOH.  Calculated  <70:  N  12.90. 

The  experimental  results  on  the  preparation  of  y  -phenylquinolines  are  given  in  Table  4,  the  analytical 
results  -  in  Table  5. 

It  is  interesting  to  note  that  8-methyl-  and  6, 8-dimethyl-a -phenylquinolines  did  not  form  picrates, 
evidently  due  to  steric  hindrances  [14]. 

The  devised  method  and  the  mechanism  established  for  the  formation  of  a  -phenylquinolines  made  it 
possible  to  solve  certain  practical  problems  such  as,  for  example,  the  synthesis  of  atophan  with  the  aid  of  the 
previously  difficultly  obtainable  4 -methyl -2 -phenylquinoline  or  the  synthesis  of  8 -amino -2 -phenylquinolines 
from  o-nitroarylamines. 

M.  V.  Yakovleva  participated  in  the  experimental  work. 


235 


TABLE  4 

Yields  of  Picrates  of  y  -Phenylquinolines  Prepared  from 
Anils  of  Cinnamaldehyde 


Anils  1 

■  Melting  point 
jof  the  picrate  , 
of  the  anil* 

i  1 

i  ' 

Melting  point  , 
J  of  the  picrate  ! 
,  of  the  phenyl- j 
1  quinoline  j 

Yield  of 

1 

:  picrate 

1  ( in  %  on 

1  crude  prO' 
'  duct) 

Anil 

1  119“  I 

I  225“ 

8.2 

p -Methyl - 
anil  1 

i 

167 

214 

12.0 

o -Methyl - 
anil 

159 

217 

16.0 

m -Methyl - 
anil** 

158 

207 

40.6 

2,4 -Di- 
methylanil 

160 

215 

2i;o 

p-Methoxy- 

anil 

177 

197 

15.0 

•  The  picrates  of  all  the  anils  and  y  -phenylquinolines 
except  4-phenylquinoline  were  not  described  in  the  litera¬ 
ture. 

•*  Acicular  crystals,  in  the  form  of  nodules,  light  yellow, 
m.p.  126“. 


TABLE  5 

Analysis  of  Picrates  of  y  -Phenylquinolines 


Name  of  quinoline 

I  Nitrogen  (in  fo) 

Found 

Calculated 

4  -Phenyl  -6  -me  thy  1  - 
quinoline 

12.37 

12.50 

4  -Phenyl  -8  -me  thy  1  - 
quinoline 

12.60 

12.50 

4 -Phenyl -6,8 -di¬ 
me  thy  Iquinoline 

12.20 

12.12 

Quinoline  from  m- 
toluidine  * 

12.63 

12.50 

*  A  possible  mixture  of  bases. 

SUMMARY 

1.  A  method  was  developed  for  the  syn¬ 
thesis  of  quinolines  from  acetylated  aromatic 
amines,  formaldehyde  and  methyl  ethyl 
ketone,  being  the  most  convenient  of  the  known 
methods  for  the  preparation  of  3,4-dimethyl- 
quir.olines. 


2.  It  was  established  that  when  the  syn¬ 
thesis  of  phenylquinolines  from  aromatic  am¬ 
ines  and  cinnamaldehyde  is  run  in  phosphoric 


acid  medium  that  the  yields  are  greater  than  when  it  is  run  in  either  hydrochloric  acid  or  sulfuric  acid.  The 
best  yields  (40-50<^fc)  were  obtained  in  their  direct  synthesis  from  the  anils. 

3.  Because  of  steric  hindrance,  the  a  -phenylquinohnes  that  are  substituted  in  the  8-position  fail  to  form 
picrates. 

4.  In  the  preparation  of  a  -phenylquinolines  from  the  anils  in  acid  medium  the  phenomenon  of  “reamina 
tion"  can  occur  with  substitution  of  the  less  basic  amine  by  the  more  basic. 


5.  At  elevated  temperature  in  the  presence  of  aluminum  oxide  the  cyclization  of  the  anils  of  cinramalde- 
hyde  proceeds  with  the  formation  of  y  -substituted  quinolines,  inasmuch  as  the  mechanism  of  the  reaction 
changes. 
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THE  o-TOLUIDIDES  OP  DI  ARY  LGLYCOLIC  ACIDS  AND  THEIR  TRANSFORMATION 
INTO  3 ,3 -DIARYL-7 -METHYLOXINDOLES.  XXIV, 


P,  A.  Petyunin  and  A.  S.  Pesis 

H.  Liebig  [1]  showed  that  when  benzilic  acid  is  heated  with  aromatie  amines  to  180-200“  a  mixture  of 
high-molecular  compounds  of  unknown  structure  is  formed.  In  the  experiment  with  the  o-toluidide  he  isolated, 
together  with  the  high-molecular  compounds,  a  substance  with  m.p.  278“,  which  was  postulated  as  being  3,3- 
diphenyl-7-methyloxindole. 

Having  studied  the  intramolecular  condensation  of  the  arylamides  of  hydroxycarboxylic  acids,  we  decided 
to  extend  our  information  to  the  synthesis  of  the  3,3-diaryl  derivatives  of  7-methyloxindole  and  to  compare  our 
data  for  3,3 -diphenyl-7 -methyloxindole  (V)  with  the  data  of  H.  Liebig.  Of  the  3,3 -diaryl  derivatives  of  7- 
methyloxindole  only  the  3,3 -bis -(4’-methoxyphenyl)-7 -methyloxindole  [2]  is  described  in  the  literature.  To 
execute  the  assigned  task  we  reacted  ArMgX  (Ar  =  C5H5-,  p-CHsCgH^-,  0-CH3C5H4-  and  0-CH3OCSH4— ) 
with  the  ethyl  ester  of  o-methyloxanilic  acid  to  give  a  number  of  the  o-toluidides  of  diary Iglycolic  acids. 

The  properties  and  structure  of  the  compounds  obtained  by  us  are  shown  in  Table  1. 

The  2 -methyl-4 -bromoanilide  of  benzilic  acid  (IV)  was  obtained  by  the  following  scheme: 


1  NaOH 

NHj 

j^^|CH3 

\/ 

Br 

(III) 


The  treatment  of  (I)  with  bromine  gave  the  ethyl  ester  (II)  of  2-methyl-4-bromooxanilic  acid,  which 
when  heated  with  30%  sodium  hydroxide  solution  gave  the  known  5-bromo-2-aminotoluene  (III).  The  reaction 
of  (II)  with  phenylmagnesium  bromide  gave  (IV). 

Under  the  influence  of  concentrated  sulfuric  acid  the  obtained  diary  Iglycolic  acid  o-toluidides  were 
transformed  in  good  yields  into  the  3,3 -diaryl  derivatives  of  7-methyloxindole  (Table  2). 

Liebig  [1]  gives  a  m.p,  of  278“  for  (V),  which  is  not  confirmed  by  our  data.  Apparently,  his  substance 
had  a  different  structure.  The  structure  of  (V)  follows  from  its  mode  of  synthesis,  and  is  also  supported  by  the 
following  transformation: 
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|C(CbH;-,)2  CrOj 

to 


C(CflH,)2 


\'  \/ 

CH3NH 

(V) 


\/\/ 

CH;,  NH 

(vn 


CO 


CO, 


/\/ 


H,SO, 


C(C8H5)2 


\/'NH2 

L  CH3 
IVII) 


SO4H 


C,H5 

/\/\/^ 


\/\/\/ 

CH;,  N 

(VUI) 

t 

I  C,H:,M2Br 


CO 


TABLE  1 

Properties  of  o-Toluidides  of  Diary Iglycolic  Acids 


No. 

Formula 

Melting 

Yield  (<^) 

Coloration  with 

point 

Concentrated 

Sulfuric  Acid 

Found 

Calculated 

1 

o-CH,C8H4NHCOC(OHKC«H5),  (X) 

147-148' 

45.3 

Brown,  going 

4.50 

4.40 

to  green 

4.70 

2 

0  -CHjCeH4NHCOqOHXC6H4CHj  -o)* 

148.5-150.5 

62.8 

Red -violet. 

4.13 

4.07 

going  to 
a  green 

4.16 

3 

0  -CHjCsH4NHCOC(OHK  C6H4CHJ  -p  )2 

152.5-153.5 

49.3 

Red -violet. 

4.21 

4.07 

1 

going  to  a 

yellow- 

brown 

3.94 

4 

o-CHjC6H4NHCOC(OHXC8H40CHj  -o)j 

128-128.5 

41.9 

Transient 

4.07 

3.71 

emerald- 

3.84 

Br  NH  -CO-C(OHXC6H5)j(IV) 

green 

5 

177.5-178.5 

51.3 

Transient 

3.79 

3.53 

brown 

colora  - 

tion 

3.49 

The  oxidation  of  (V)  with  chromic  anhydride  gave  l,l-phenyl-3-oxo-5-methyl-3,4-dihydro-2,4,-l- 
benzoxazine  <VI).  '  The  latter  dissolves  in  concentrated  sulfuric  acid  with  the  evolution  of  carbon  dioxide 
and  the  formation  of  the  colored  halochromic  salt  (VII),  which  is  characteristic  for  compounds  of  this  type  [3]. 
The  heating  of  (VI)  in  nitrobenzene  medium  gave  4-methyl-9-phenylacridine  (VIII),  which  was  isolated  as  the 
picrate.  The  structure  of  (VIII)  was  confirmed  by  the  reverse  synthesis,  made  according  to  Lemstedt  [4],  Thus, 
the  reaction  of  phenylmagnesium  bromide  with  4-methylacridine  (IX)  gave  (VIII),  the  picrate  of  which  proved 
to  be  identical  with  the  above -described. 


EXPERIMENTAL 

Ethyl  ester  of  2-methyl-4-bromooxahilic  acid  (II).  16  g  (0.1  mole)  of  bromine  was  added  to  a  solution 
of  20.7  g  (0.1  mole)  of  (I)  (prepared  by  method  [5])  in  100  ml  of  acetic  acid,  and  the  reaction  mixture 
was  set  aside  for  1  hour  at  room  temperature.  Upon  dilution  with  a  three -fold  volume  of  water,  a  heavy  oily 
liquid  separated  out  and  rapidly  crystallized  upon  slow  stirring.  Yield  22.8  g  (SO^o).  It  was  in  the  form  of  small 
rods  (from  alcohol),  m.p.  101.5. 
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T  ABLE  2 

Properties  of  3, 3-Diaryl  Derivatives  of  7-Methyloxiii(Jole 


Found  7o:  N  4.97  (Kjeldahl).  CaHuOjNBr.  Calculated  <7o:  N  4.90. 

Upon  heating  with  SO^o  caustic  soda  solution,  we  obtained  (III),  m.p.  59*  [6]. 

o-Toluidide  of  benzilic  acid  (X).  0.3  mole  of  phenylmagnesium  bromide  and  0.075  mole  (I)  were  reacted. 
The  organomagnesium  complex  was  decomposed  with  10*^  hydrochloric  acid.  The  ethereal  layer  was  separated 
and  treated  with  steam.  A  brown  crystalline  mass  formed  in  the  residue.  It  was  soluble  in  alcohol,  benzene, 
acetic  acid  and  difficulty  soluble  in  gasoline.  It  crystallized  from  alcohol  in  the  form  of  fine  needles.  Yield 
10.8  g.  Constants  and  analytical  data  are  given  in  Table  1. 

3,3 -Diphenyl-7 -methyloxindole  (V).  Concentrated  sulfuric  acid  was  run  into  a  solution  of  8  g  of  (X)  in 
30  ml  of  glacial  acetic  acid  until  there  was  no  brown  coloration.  The  reaction  mass  was  poured  into  water 
and  the  precipitate  which  formed  was  treated  in  the  usual  manner.  Yield  7.3  g.  The  product  was  readily 
soluble  in  benzene,  acetic  acid  and  difficulty  —  in  alcohol.  It  crystallized  from  glacial  acetic  acid  in  the  form 
of  lumps  of  needles.  The  constants  and  analytical  data  for  it  are  presented  in  Table  2. 

1 , 1  -Pi pheny  1  -3  -oxo  -5  -me thy  1-3,4 -dihy dro -2,4-1  -benzoxa zine  ( VI).  7  ml  of  a  50*70  aqueous  solution  of 
chromic  anhydride  was  added  to  a  solution  of  7  g  of  (V)  in  30  ml  of  glacial  acetic  acid  and  the  reaction  mass 
was  heated  on  a  water  bath.  After  the  yellow  coloration  had  turned  to  green,  the  contents  ol  the  flask  were 
poured  into  100  ml  of  water.  The  precipitate  which  formed  was  filtered  off,  washed  with  water  and  dried  in 
air.  The  yield  of  product  was  2.6  g  (35.2*70).  It  dissolved  in  concentrated  sulfuric  acid  with  evolution  of  car¬ 
bon  dioxide  gas  and  turned  a  dark  red.  It  was  in  the  form  of  yellow-brown  needles  (from  alcohol).  It  melted 
at  190-192*  (with  decomp.). 

Found  <7o:  N  4.36,  4.42.  CjiHnOjN.  Calculated  %  N  4.44. 

Picrate  of  4-methyl-9-phenylacridine  (VIII).  a)  1  g  of  (VI)  was  boiled  with  1  ml  of  nitrobenzene  on  a 
sand  bath  for  a  period  of  1  hour.  10  ml  of  10*7o  hydrochloric  acid  was  added  and  the  nitrobenzene  was  driven 
oif  with  steam.  Upon  cooling,  the  hydrochloric  acid  solution  of  the  base  was  filtered  free  of  resinous  residue 
and  alkalized  with  caustic  soda  solution.  The  small  amount  of  precipitate  which  formed  was  filtered  off,  dis¬ 
solved  in  alcohol  and  came  down  in  the  form  of  the  picrate  (VIII)  upon  addition  of  an  alcoholic  solution  of 
picric  acid. 

b)  5.27  g  (0.025  mole)  of  (IX)  and  0.0625  mole  of  phenylmagnesium  bromide  were  taken  for  the  reaction. 
The  reaction  mass  washeated  for  6  hours  on  water  bath  with  stirring  and  it  was  then  decomposed  with  ammonium 
chloride  solution.  The  precipitate  which  formed  was  treated,  upon  heating,  with  50  ml  of  10*7o  hydrochloric 
acid  and  was  then  filtered.  Ammonia  solution  was  added  to  tlie  filtrate  until  it  became  basic,  and  the  slight 
amount  of  precipitate  which  formed  was  filtered  olf  and  dissolved  in  alcohol.  An  alcoholic  solution  of  picric 
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acid  was  added  to  the  latter.  The  picrate  precipitated  out  as  the  solution  stood  for  two  days.  A  test  mix¬ 
ture  with  the  picrate  prepared  in  the  previous  experiment  gave  no  melting  point  depression.  It  was  in  the 
form  of  light  yellow  plates  which  melted  at  210-211.5*. 

Found  "ifc  N  11.23,  11.57  (Dumas).  CjoHijN  •  C,H|(OH)  (NOi),.  Calculated  N  11.24. 

SUMMARY 

1.  A  number  of  o-toluidides  of  diary Iglyco lie  acids  were  synthesized  and  their  properties  studied. 

2.  Under  the  influence  of  concentrated  sulfuric  acid  the  diary Iglycolic  acid  o-toluidides  are  trans¬ 
formed  in  good  yields  into  the  3,3 -diaryl  derivatives  of  7-methyloxindole;  here  a  number  of  previously 
unknown  compounds  were  obtained  and  their  properties  were  studied. 

3.  The  structure  of  the  newly  obtained  3,3 -diaryl  derivatives  of  7-methyloxindole  was  shown  on 
the  example  of  transforming  3,3 -diphenyl-7 -methyloxindole  (V)  into  l,l-diphenyl-3-oxo-5 -methyl-3, 4- 
dihydro-2,4,l-benzoxazine  (VI)  and  4-methyl“9-phenylacridine  (VIII). 

*  ^  •  . 

4.  It  was  established  that  the  reaction  product  of  o-toluidine  with  benzilic  acid,  having  m.p. 

278*,  was  erroneously  described  by  H.  Liebig  [1]  as  being  3,3 -diphenyl-7 -methyloxindole. 
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SYNTHESIS  AND  TRANSFORMATION  OF  a-GLYCOLS  OF  THE  ETHYLENE  SERIES 

V. .  2-METHYL-3, 5 -DIPHENYL-4 -PENTEN -2,3 -DIOL 
L.  F.  Chelpanova,  Z.  V.  Printseva  and  V.  A.  Konner 


It  is  known  that  a  -glycols  of  the  acetylene  series  under  the  influence  of  acid  catalysts  not  only  suffer  the 
pinacolin  rearrangement,  but  are  also  isomerized  into  unsaturated  y-keto  alcohols  and  substituted  hydroxyhydro- 
furans  [1,  2].  It  appeared  of  interest  to  determine  how  a  -glycols  of  the  ethylene  series  would  behave  under  these 
conditions. 


In  this  communication  we  described  the  transformations  of  the  cis -isomer  of  2 -methyl-3,5 -diphenyl-4-penr 
ten-2,3-diol  in  the  presence  of  30%  H2SO4  and  at  temperatures  of  70  and  100“. 

The  heating  of  this  ethylene  glycol  derivative  (m.p.  55-56“)  with  30%HjSO4  at  100“  gave  acetone,  two 
colorless  crystalline  substances  with  m.p.  57-58“  (25%)  and  135-137“  (25%),  respectively,  and  a  tarry  residue. 

The  colorless  crystalline  substance  with  m.p.  57-58“  had  the  empirical  formula  C15HJ4O  and  was  tfaaracteuzed 
as  being  1,3 -diphenyl-2 -propen-1 -ol  [3]. 
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Fig.  1 


The  substance  with  m.p.  135-137“  had  the  em¬ 
pirical  formula  CijHuO.  The  obtained  data  permitted 
the  assumption  that  this  substance  is  known  2, 4 -diphenyl- 
5, 5 -dimethyl-2, 5 -dihydrofuran  [4]. 


Fig.  2 


Later  the  experimental  conditions  for  running  the  reaction  were  changed;  this  same  a  -glycol  of  the 
ethylene  series  was  heated  at  70“  with  30%  H2SO4.  From  the  acid  solution  under  these  conditions  were  isolated 
acetone,  1,3 -diphenyl-2 -propen-1 -ol  and  a  yellow  crystalline  substance  with  m.p.  98-99“  (40%,  based  on  the 
starting  substance).  The  latter  had  the  empirical  formula  CigH^e.  The  structure  of  this  hydrocarbon  was  shown 
by  its  oxidation  with  aqueous  potassium  permanganate  solution.  The  oxidation  products,  being  acetone,  benzoic 
and  phthalic  acids,  permitted  assigning  to  it  the  formula  of  1 -isopropylidene-2-phenylindene. 

The  absorption  spectra  of  this  hydrocarbon  were  studied  in  the  ultraviolet  and  infrared  regions  *,  An  ISP-22 
quartz  spectrograph  was  used  for  photographing  the  absorption  spectra  in  the  ultraviolet  region. 


•  The  authors  wish  to  thank  O.  N.  Setkina  for  taking  the  spectra.  A  hydrogen  lamp  manufactured  by  the  "EtaloiT 
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Tlje  absorption  curve  of  the  studied  substance  in  the  infrared  region  (Fig.  1)  is  characterized  by  the  fol¬ 
lowing  fundamental  absorption  bands;  1480  cm~^,  1630  1380  cm"*,  1820  cm"*,  respectively  characteristic 

for  the  vibrations  of  the  groups  — C  =  C“  in  the  ring,  ~CH3,  and  a  side -chain  double  bond,  in  which  connection 
the  1820  cm"*  band  determines  the  presence  ol  a  conjugated  system  of  double  bonds. 

The  absorption  curve  in  the  ultraviolet  (Fig.  2)  is  characterized  by  the  presence  of  absorption  bands  with 
maxima  at  260,  310  and  345  m^,  respectively.  The  absorption  band  at  345  nij^  shows  a  similarity  to  the  absorp¬ 
tion  bands  of  2-phenylindene  in  this  region  [5]. 

The  formation  of  the  above  indicated  products  at  100  and  70“  can  be  explained  by  the  following  scheme; 


70° 

CH^0H-C0H-C=C-C,H5  — ►  (CHJjCO  +  C,H,-CHOH-CH=CH-C,H» 
II  II  100° 

CH,  C,Hs  H  H 

(I)  ^ 

70°  fud 
too® 


CH,-COH-C=CH-CHOH-C,H, 


- jCHOH 

C-C,H, 

ch,-c!oh-ch, 

(V) 

C,H5-C=C  H 

cIh-c.h. 

o 

(IV) 

|-H.O 

CtE 

C— C,H, 

CH,— <ioH-CH, 

(VI) 

1 

CH,-COH-CH, 

(VII) 

II 

CH,-C-CH, 

(VIII) 

As  can  be  seen  from  the  scheme,  in  both  cases  (at  70  and  at  100")  the  reaction  proceeds  in  two  directions; 
1)  ketonic  cleavage  of  the  starting  a -glycol  with  the  formation  of  acetone  [6]  and  1,3 -diphenyl-2 -propen-1 -ol; 
and  2)  allyl  rearrangement  with  the  hydroxyl  jumping  into  the  fl  -position. 

The  intermediate  y-(cis-  and  trans-)  ethylene  glycol  (III)  formed  in  the  allylic  rearrangement  can  the¬ 
oretically  exist  in  two  forms,  of  which  one  is  formed  at  the  higher  temperature. 

We  postulate  that  the  cis-form  predominates  at  100“,  since  it  is  only  under  these  conditions  that  dehydra¬ 
tion  with  subsequent  closure  of  the  dihydrofuran  ring  to  give  2,4 -diphenyl-5,5 -dimethyl-2,5 -dihydrofuran  (IV) 
is  possible.  The  trans -configuration  predominates  at  70“.  Here  the  formation  of  the  dihydrofuran  ring  becomes 
impossible,  and  the  reaction  proceeds  in  the  direction  of  condensation  at  the  double  bond  with  closure  of  the 
indene  ting  (V).  Then  (V)  is  dehydrated  to  (VI)  and  the  hydrogen  and  phenyl  groups  change  places  to  give  (VII), 
where  the  phenyl  groups  stands  in  conjugation  to  the  double  bond.  After  this  still  another  molecule  of  water  is 
cleaved  and  1-isopropylidene -2-phenylindene  is  obtained. 

•  plant  served  as  the  radiation  source  for  the  whole  spectrum.  The  cuvette  of  variable  thickness  had  . a  maximum 
layer  thickness  of  10  mm.  The  hexane  solutions  studied  had  a  concentration  ranging  from  0.01  to  0.001  mole/ 
liter.  The  arc  spectrum  of  iron  was  used  to  determine  the  wavelengths  in  the  absorption  spectra.  The  method 
of  equal  markings  was  used  in  making  the  photometric  measurements. 


The  above  considerations  are  supported  by  data  found  in  the  literature. 

Study  of  the  rearrangement  of  the  unsaturated  glycol  “  2,5 -dimethyl -3 -hexen -2,5 -diol  —  revealed  that 
2,2,5,5-tetramethyl-2,5-dihydrofuran  [7]  is  formed  when  the  cis -isomer  of  this  glycol  is  treated  with  Ib^Jo 
H2SO4.  The  trans -isomer  under  these  conditions  behaves  in  a  different  manner  and  is  50%  converted  into  the 
unsaturated  hydrocarbon  with  formula  and  m.p.  128*. 

EXPERIMENTAL 

Experiment  1.  12  g  of  ethylene  a -glycol  (m.p.  55-56*)  was  heated  with  mechanical  stirring  in  the  pre¬ 
sence  of  30%  H2SO4  (by  weight)  at  100*  for  3  hours.  When  heating  was  completed,  the  acidic  solution  was 
treated  with  ether.  The  ethereal  extract  was  washed  with  10%  soda  solution  and  then  with  water  and  was 
dried  with  anhydrous  sodium  sulfate.  After  the  ether  was  driven  off,  a  yellow-brown  syrup  remained  which 
then  became  a  dark  resin.  After  repeated  treatment  of  the  resin  with  cold  petroleum  ether,  we  isolated  2  g 
(16%)  of  a  colorless  crystalline  substance  which  melted  at  135-137*.  After  separation  of  these  colorless  cry¬ 
stals,  the  resin  was  treated  with  hot  petroleum  ether.  After  several  days,  long  colorless  needles  separated 
out  and  were  easily  separated  mechanically  from  the  resinous  residue.  The  crystab  (1  g,  12%)  were  recrystal¬ 
lized  from  petroleum  ether,  m.p.  57-58*. 

After  treatment  with  ether,  the  aqueous  solution  gave  a  positive  reaction  for  acetone.  The  acetone 
was  driven  off  from  the  aqueous  solution  into  a  solution  of  2,4-dinitrophenylhydtazine.  We  obtained  a  2,4- 
dintrophenylhydrazone,  m.p.  125-126*.  A  test  mixture  with  the  known  2,4-dinitrophenylhydrazone  of  ace¬ 
tone  gave  no  melting  point  depression. 

The  product,  colorless  crystals,  m.p.  135-137*,  with  difficulty  decolorized  an  aqueous  solution  of  potas¬ 
sium  permanganate  and  bromine  water.  It  gave  a  negative  reaction  for  the  hydroxyl  and  carbonyl  groups. 

Found  %:  C  85.50;  H  7.90.  M  260.  Ci,Hi,0.  Calculated  %:  C  86.00;  H  7.20. 

M  250. 

The  compound  contained  an  oxide  oxygen  and  on  the  basis  of  analytical  data  and  molecular  weight 
proved  to  be  2,4 -diphenyl-5,5 -dimethyldihydrofuran -2,5  [4]. 

The  colorless  crystalline  substance  which  melted  at  57-58*  was  shown  by  analytical  data  to  be  the  un- 
saturated  alcohol  —  1,3 -diphenylpropen -2-01-1  [3]. 

Found  %:  C  85.00;  H  8.00;  OH  8.10.  M  216.5.  CijHislOH).  Calculated  %: 

C  85.71;  H  7.15;  OH  8.5.  M  210. 

This  alcohol  was  described  in  the  literature  [3].  For  confirmation,  the  compound  was  prepared 
from  cinnamic  aldehyde  and  phenylmagnesium  bromide.  A  test  mixture  gave  no  melting  point  depres¬ 
sion. 

Experiment  2.  10  g  of  ethylene  glycol  (m.p.  55-56*)  was  heated  with  30%  H2SO4  at  70®  for  3  hours. 
After  heating  was  completed,  the  mixture  was  treated  as  described  in  Experiment  1.  The  acidic  solution 
was  treated  with  ether;  after  the  ether  was  driven  off,  a  yellow  oil  formed  which  partially  crystallized 
after  0.5  hour  of  standing.  The  yellow  crystals  from  the  oil  were  filtered  off  and  recrystallized  from  alcohol. 
We  obtained  3.0  g  (30%)  of  product;  the  crystals  were  lustrous  yellow  flakes,  m.p.  98  -99°.  After  the  yel¬ 
low  crystals  were  separated,  the  remaining  oil  was  treated  with  warm  petroleum  ether.  From  the  pjetroleum 
ether  we  separated  crystals,  m.p.  57-58*,  which  proved  identical  to  the  above  described  1,3 -diphenylpropen - 
2-0I-I  (1.3  g,  13%). 

The  acidic  and  neutral  solutions,  as  in  the  first  case,  contained  acetone.  The  yellow  crystals  which 
melted  at  89-99°  decolorized  an  aqueous  solution  of  potassium  permanganate  and  bromine  in  chloroform 
and  gave  a  negative  reaction  for  hydroxyl  and  carbonyl  groups. 

Found  %:  C  92.50;  H  7.84.  M  225.  CuHig.  Calculated  %:  C  93.10;  H  6.89.  M  232. 

The  compound  that  melted  at  98-99*  was  brominated  in  the  cold  in  carbon  tetrachloride.  The 
bromide  was  recrystallized  from  CCI4  and  melted  at  126-135*  with  decomposition. 

Found  %:  C  39.98;  H  3.41;  Br  57.55.  C2,Hi6Br4.  Calculated  %:  C  39.41;  H  2.92; 

Br  57.97. 
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The  bromide  was  insoluble  in  benzene  and  chloroform,  soluble  in  alcohol  and  carbon  tetrachloride. 


Oxidation  of  the  yellow  compound  that  melted  at  98-99*  was  performed  under  the  following  conditions; 
1.5  g  of  the  compound  was  placed  in  a  flask  fitted  with  mechanical  stirrer,  50  ml  of  2*70  KMnO^  was  added 
and  then  at  30-50*  in  the  course  of  3  days,  1.5  g  of  potassium  permanganate  was  added  in  small  portions  to 
the  reaction  mixture.  After  the  reaction  was  complete,  the  initial  compound  could  not  be  detected  among 
die  neutral  products.  Upon  acidification  of  the  organic  acid  salts  and  after  the  reaction  mixture  had  stood 
for  5  days,  0.4  g  of  crystals  came  down  which  melted  at  about  200*  with  decomposition.  The  presence  of 
phthalic  acid  was  confirmed  by  a  fluorescein  test  [8].  Besides  this,  phthalimide,  m.p.  235-237*  was  obtained; 
a  test  mixture  with  known  phthalimide  gave  no  melting  point  depression.  Steam  distillation  of  the  aqueous 
solution  yielded  benzoic  acid  which  was  isolated  in  its  pure  state  by  sublimation;  m.p.  119-120*.  We  pre¬ 
pared  its  silver  salt. 

Found ‘5fcc  Ag  42.79.  CyHsOjAg.  Calculated  7o:  Ag  41.99. 

Acetone  was  detected  in  the  aqueous  solution  and  gave  the  2,4-dinitrophenylhydrazone,  m.p.  125-126*. 

SUMMARY 

1.  The  treatment  of  2-methyl-3,5-diphenyl-4-penten-2,3-diol  with  30%  sulfuric  acid  at  100*  leads 

to  allylic  rearrangement  with  the  formation  of  2, 4-diphenyl-5, 5 -dimethyl-2,5 -dihydrofuran  and  simultaneous 
ketonic  cleavage  with  the  formation  of  acetone  and  1,3 -dipheny  1-2 -propen -l-ol. 

2.  The  treatment  of  2-methyl-3,5-diphenyl-4-r3nten-2,3-diol  with  30%  sulfuric  acid  gives  mainly  the 
previously  unknown  l-isopropylidene-2-phenylindene,-andalso  1,3 -diphenyl-2 -propen -l-ol  and  acetone. 

LITERATURE  CITED 

[1]  A.  E.  Favorsky,  E.  D.  Venus,  J.  Russ.  Chem.  Soc.,  47,  133  (1915). 

[2]  E.  D.  Venus -Danilova,  L.  A.  Pavlova,  V.  I.  Serkova,  E.  P.  Brichko,  Transactions  of  Leningrad 
Institute  of  Technology,  No.  30,  38  (1955). 

[3]  J.  O.  Kohler,  J.  Am.  Chem.  Soc.,  31,  642  (1904). 

[4]  E.  D.  Venus -Danilova  and  A.  N.  Orlova,  J.  Gen.  Chem.,  22,  333  (1952)  (T.p.  399)*. 

[5]  Ch.  Wiegand  and  L.  Merkel,  Ann.  chim.,  557,  242  (1947). 

[6]  M.  M.  Shemyakin  and  I.  A.  Redkin,  J.  Gen.  Chem.,  11,  1148,  1163,  1169  (1941). 

[7]  J.  R.  Johnson  and  O.  H.  Johnson.  J.  Am.  Chem.  Soc.,  62,  2615  (1940). 

[8]  G.  Mayer,  Analysis  and  Determination  of  Organic  Compounds,  318  (1937). 


Received  February  4,  1955 


Lensoviet  Leningrad  Institute  of  Technology 


•  T.  p.  =  C.  B.  Translation  pagination. 


THE  PREPARATION  OF  A  R  Y  L  H  A  L  O  M  ON  OSI  LA  N  E  S 


E.  M.  So  shestvenskaya 


Together  with  other  secondary  products,  tetraalkyl-  or  tetraarylmonosilanes  [1]  are  obtained  in  the  synthesis 
of  alkyl-  and  arylhalomonosilanes  by  the  reaction  of  halogen- substituted  hydrocarbon  derivatives  with  a  silicon- 
copper  melt.  The  former  can  also  be  obtained  with(5ut  any  great  difficulty  in  a  different  manner,  for  example, 
by  the  reaction  of  mixed  organomagnesium  compounds  with  the  salts  of  hydrofluorosilicic  acid  [2].  In  con¬ 
nection  with  this  it  appeared  of  interest  to  find  the  conditions  for  the  transformation  of  the  tetraalkyl-  and 
tetraarylmonosilanes  into  the  alkyl-  or  arylhalomonosilanes  —  valuable  substances  in  the  applied  sense,  realizing 
such  transformations  without  losing  a  portion  of  the  organic  radicals  of  the  organosilicon  compound  as  the  re¬ 
sult  of  transition  into  organometallic  compounds  [3],  or  in  the  formation  of  hydrocarbons  [4]  or  halogen-sub¬ 
stituted  hydrocarbon  derivatives  [5]. 

Based  on  the  data  given  in  the  studies  of  Sauer  and  Hadsell  [6],  showing  that  trimethylchloromonosilane 
at  375*  and  with  participation  of  catalysts  of  the  type  of  AlCls,  ZnCl2,  FeCls,  CuCl  and  Bids  suffers  rearrange¬ 
ment  into  an  equilibrium  mixture,  composed  of  6.9%  tetramethylmonosilane,  80.8%  trimethylchloromonosilane 
and  12.3%  dimethyldichloromonosilane,  it  could  be  expected  that  tetraphenylmonosilane,  containing  phenyl 
groups  that  are  replaced  with  comparative  ease  by  halogen  atoms,  will  react  with  silicon  tetrachloride  to  give 
arylhalomonosilanes  and,  in  particular,  triphenylchloromonosilane. 

Since  AICI3  reacts  with  tetraphenylmonosilane  to  give  CJH5AICI2  and  the  diphenyldichloromonosilane 
and  triphenylchloromonosilane  enter  into  a  similar  reaction  [7],  then  as  catalyst  we  used  cuprous  chloride.  As 
the  end  result  of  heating  a  mixture  of  tetraphenylmonosilane  and  silicon  tetrachloride  with  this  catalyst  for 
12  hours  at  300-360*  we  obtained  the  triphenylchloromonosilane  in  34%  yield,  which  was  isolated  by  converting 
it  into  the  triphenylsilicol. 


EXPERIMENTAL 

A  mixture  of  16.5  g  tetraphenylmonosilane,  25  g  silicon  tetrachloride  and  1  g  cuprous  chloride  was  heated 
in  five  sealed  tubes  at  300-360*  for  12  hours.  After  the  reaction  product ,  which  remained  liquid  on  cooling, 
had  been  separated  from  the  precipitate  of  cuprous  chloride,  it  was  fractionated.  The  1st  fraction  (15.15  g), 
which  distilled  over  in  the  interval  60-65*,  consisted  of  silicon  tetrachloride;  the  2nd  (3.92  g)  distilled  over  at 
66-111*  and  the  3rd  (3.19  g)—  at  111-345*.  The  residue  from  the  distillation  weighed  15.34  g.  The  2nd  and 
3rd  fractions  contained  phenylchloromonosilanes.  The  residue  from  distillation  was  hydrolyzed.  Repeated 
fractional  recrystallizations  of  the  hydrolysis  product  from  benzene  yielded  8.34  g  of  initial  tetraphenylmono¬ 
silane  and  4.15  g  of  triphenylsilicol,  m.p.  153-155*.  Subsequent  recrystallization  yielded  a  product  that  melted 
at  154-155*. 

Found  %:  C  78.15;  H  5.87;  Si  10.07.  CijHijOSi.  Calculated  %:  C  78.21;  H  5.84;  Si  10.17. 

When  a  similar  experiment  was  performed  in  the  temperature  range  250-300*,  after  hydrolysis  of  the  re¬ 
action  product  we  isolated  only  a  slight  amount  of  triphenylsilicol  and  almost  all  the  initial  tetraphenylmono¬ 
silane. 


SUMMARY 

It  was  established  that  tetraphenylmonosilane  is  capable  of  reacting  with  silicon  tetrachloride  in  the 
presence  of  cuprous  chloride  to  give  triphenylchloromonosilane  in  about  34%  yield. 
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THE  REACTION  PRODUCTS  OF  2 . 4  -  D I N  IT  RO  P  II E  N  Y  L  P  Y  RI D  IN  lU  M  CHLORIDE 

WITH  DIAMINES 


N.  E.  Grigoryeva  and  I.  K.  Gintse 


Depending  on  the  medium  and  the  structure  of  the  diamine,  in  the  condensation  of  2,4-diintrophenyl- 
pyridinium  chloride  .viiliiUaminesthe  snitinjMibvtaiicescaiireact  in  different  proportions.  The  diamines  with  one 
substituted  amino  group  react  with  the  starting  quaternary  salt  by  the  usual  scheme  [1]  to  give  symmetrical 
amino- substituted  pyridine  dyes.  The  unsubstituted  phenylenediamines  (o-,  m-  and  p-)  react  by  a  similar 
scheme  when  their  condensation  with  dinitrophenylpyridinium  salts  is  run  in  alcohol  for  a  short  time.  Together 
with  the  amino-substituted  derivatives,  prolonged  heating  of  the  diamine  (o-  cr  p-)  with  the  original  salt  gives 
an  unsymmetrical  pyridine  dye  (for  the  o-isomer)  and  a  bis-pentamethine  dye  (for  the  para-isomer).  In  their 
properties  the  amino- substituted  dyes  differ  sharply  from  the  unsymmetrical  dye,  and  also  from  the  bis-penta¬ 
methine.  The  structure  of  the  latter  can  be  represented  on  the  basis  of  their  synthesis  and  a  study  of  their  de¬ 
composition  products.  When  the  symmetrical  amino- substituted  dyes  (meta-isomers)  were  decomposed,  which 
proceeds  in  known  manner  [2],  they  gave  the  corresponding  aminophenylpyridinium  chlorides. 


When  the  condensation  was  run  with  p-phenylenediamine  hydrochloride  the  formation  of  dinitroaniline 
could  not  be  shown,  and  consequently  two  assumptions  could  be  made  with  respect  to  the  structure  of  the  dye 

M  H  JOz 

obtained  here.  It  could  be  the  unsymmetrical  dye:  H2N— \  N— CH=  CH— CH=  CH— CH=  N— \  ✓— N02,C1, 

the  decomposition  of  which  could  result  in  the  cleavage  of  dinitroaniline  and  the  formation  of  p- aminophenyl¬ 
pyridinium  chloride.  However,  its  behavior  toward  acids  and  alkalies,  and  also  the  analysis  data,  refute  such  a 
postulation.  Without  removal  of  dinitroaniline  the  bis-pentamethine  dye  could  be  formed,  provided  one  mole¬ 
cule  of  the  diamine  reacts  with  two  molecules  of  the  original  salt: 
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The  decomposition  of  Dye  (A)  can  proceed  by  different  schemes.  In  the  decomposition  products  we  found 
dinitroaniline,  p- aminophenylpyridinium  chloride  and  a  water-soluble  dye  of  unknown  structure.  However,  it 
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must  be  kept  in  mind  that  in  the  thermal  decomposition,  and  also  in  the  decomposition  of  the  dye  in  pyridine, 
the  resulting  products  can  react  between  themselves  in  a  different  manner;  in  addition,  a  small  amount  of 
tarry  products  is  always  obtained  here,  which  greatly  complicates  elucidation  of  the  cyclization  mechanism 
for  the  dye.  The  fonnation  of  a  considerable  amount  of  dinitroaniline  and  p-aminophenylpyridinium  chloride 
makes  the  second  postulation  highly  probable. 

The  spcctrophotometric  measurement  results  for  9  of  the  studied  dyes  are  given  in  the  table. 
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•  The  dye  was  obtained  as  the  free  base. 


From  a  comparison  of  the  absorption  maxima  in  alcohol  it  can  be  seen  that  the  amino- substituted  pyridine 
dyes  obey  the  general  mles  for  color  —  the  alkylated  amino  groups  produce  a  deepening,  and  the  acylated  amino 
groups  a  heightening  of  the  color  (cf.  I,  II  and  III).  In  the  presence  of  acids,  due  to  salt-formation  and  "insertion* 
of  auxochrome  groups,  the  color  is  raised,  but  depending  on  the  strength  of  the  acid  and  the  "basicity"  of  the 
cation  this  effect  is  variable;  thus,  the  color  of  the  acetyl  derivative  (III)  is  considerably  higher  only  in  formic 
acid.  For  all  of  the  amino-substituted  derivatives  (I-III)  the  strongest  salt-formation  of  the  amino  groups  proceeds 
in  formic  acid,  an  exception  being  the  meta-isomer  (IV),  the  color  of  which  is  raised  but  slightly  in  all  acids. 

The  ortho-isomer  (V)  shows  unusual  behavior,  it  is  highly  colored  in  alcohol  and  in  acid  solutions,  with  the  ex¬ 
ception  of  acetic  acid,  in  which  the  maximum  is  shifted  by  45  mp  toward  the  long  wavelengths.  Its  high  color 
is  possibly  associated  with  its  rapid  hydrolysis  rate,  which  is  retarded  in  acetic  acid.  It  is  known  that  the  acidity 
of  acetic  acid  is  greater  than  that  of  hydrochloric  acid  in  alcohol  [3].  Acids  show  a  weak  influence  on  the  color 
of  dyes  (VI)  and  (VII),  their  role  being  reduced  to  one  of  only  retarding  the  hydrolysis  reaction.  Pye  (VIII)  shows 
weak  basic  properties  and  acids  fail  to  influence  its  color  changes,  in  alkaline  medium  it  is  transformed  into  a 
colored  anion.  The  prefound  deepening  of  color  for  Dye  (IX)  in  formic  acid  is  also  probably  associated  with 
hydrolysis  inhibition. 
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As  was  already  mentioned  above,  a  study  of  the  decomposition  permits  establishing  the  structure  of  the 
dyes;  however,  it  was  not  only  from  this  viewpoint  tliat  tlic  cyclization  reaction  was  of  interest  to  us.  All  of  the 
dyes  studied  by  us  were  subjected  to  cyclization  for  the  purpose  of  studying  the  reaction  itself  and  the 
N-arylpyridinium  salts  that  arc  formed  liere.  The  aminoplienylpyridinium  chloride  derivatives  with  sub¬ 
stituted  amino  groups  were  isolated  witli  comparative  case,  while  the  unsubstituted  derivatives,  especially  the 
m -isomer,  were  isolated  witli  difficulty,  since  they  probably  fomi  addition  products  [4]  with  the  phenylenedi- 
amincs,  wliich  are  hydrolyzed  with  difficulty.  Tire  o-aminophenylpyridinium  chloride  was  not  obtained. 
p-Aminoplicnylpyridinium  chloride,  similar  to  amines  with  other  electron-acceptor  groups,  reacts  with  the  start¬ 
ing  quaternary  salt  only  in  tlie  presence  of  pyridine  [5].  The  dipyridinium  dye  formed  under  these  conditions  is 
easily  cyclized  into  p,p*-plienylencdipyridinium  chloride: 

H 

GN<I>Nr(CH),=N<^N5]>,d-<3N-<3>-NHj»<3N^Q^N^  '  - 

ci  '  Cl  Cl  Cl  cl 

The  aminoplienylpyridinium  chlorides  fail  to  be  cleaved  by  alkali  in  the  cold,  but  when  heated  they  form 
the  monoanilides  of  glutaconic  aldehyde.  In  alcohol  solution  the  hydrochlorides  of  the  aminophenylpyridinium 
chlorides,  in  which  the  stabilizing  influence  of  the  NH2  group  on  the— C=  N  bond  of  the  pyridine  ring  is  neutral¬ 
ized,  are  cleaved  by  alkali  in  the  cold. 

By  heating  our  earlier  obtained  cyclization  product  of  the  benzidine  derivative  of  glutaconic  aldehyde  [6] 
with  hydrochloric  acid  and  subsequent  neutralization  with  ammonia  we  obtained  p-aminophenylpyridinium 
chloride,  which  with  the  starting  quaternary  salt  gives  the  dipyridinium  dye  (VII). 

EX  PERIMENTAL  • 

It  is  known  that  pyridine  dyes  crystallize  together  with  the  solvent.  After  complete  removal  of  solvent, 
the  dyes  absorb  moisture  from  the  air  and,  therefore,  we  analyzed  the  air-dried  compounds.  The  amount  of 
solvent  was  determined  by  drying  the  compounds  in  vacuum  (120-130  mm)  over  phosphorus  pentoxide  at  the 
boiling  point  of  ethyl  alcohol  or  xylene.  The  determinations  for  nitrogen  were  performed  according  to  the  micro¬ 
method  of  Dumas,  for  chlorine—  by  the  micromethod  of  Carius. 

Chloride  of  4,5-bis-(  p-phenylenediamino)-pentadien-l,3-ylidene-5.  A  hot  solution  of  5.2  g2,4-dihitrophenyl- 
pyridinium  chloride  in  10  ml  of  alcohol  was  run  into  a  solution  of  4  g  of  freshly  prepared  p-phenylenediamine 
in  5  ml  of  alcohol;  a  dark  precipitate  immediately  formed.  The  mixture  was  heated  on  a  boiling  water  bath  for 
10  minutes.  The  dye  was  washed  on  a  filter  with  water  and  then  with  acetone  until  there  was  no  red  coloration 
when  alkali  was  added  totiie  acetone  solution.  We  isolated  4.6  g  of  dye  (76%)  in  the  form  of  dark  crystals,  soluble 
in  alcohol  with  a  red-violet  color.  We  could  not  recrystallize  the  dye.  It  was  purified  by  repeated  washing  with 
warm  acetone,  water,  alcohol  and  ether;  it  melted  at  167*.  It  contained  solvent. 

Found  %:  N  16.24,  16.39.  C17H19N4CI  •  V2  C2H5OH.  Calculated  %:  N  16.59. 

p- Aminophenylpyridinium  chloride:  14.42  g  of  dye  was  heated  in  a  drying  oyen  at  128-133*  and  a  colorless 
substance  (p-phenylenediamine)  sublimed  off.  The  dye  partially  fused  and  turned  dark  brown.  The  amine  was 
removed  with  repeated  washings,  upon  heating  the  product  with  acetone.  We  isolated  10  g  of  light  brown  sub¬ 
stance  which  was  dissolved  in  ethyl  alcohol  and  precipitated  with  a  large  excess  of  ether;  it  was  in  the  form  of 
fine  yellow  crystals,  yield  6.1  g  (60%).  After  two  recrystallizations  from  anhydrous  alcohol,  it  was  in  the  form 
of  dense  brown  crystals,  m.p.  252*.  Diazotization  revealed  the  presence  of  one  amino  group.  The  loss  in  weight 
after  drying  was  8.87%  which  corresponded  to  Vj  molecule  of  ethyl  alcohol. 

Found  7o;  N  12.32.  12.29;  Cl  15.46,  15.28.  C11H11N2CI *  V2  C2H5OH.  Calculated  %;  N  12.20;  Cl  15.47. 

Picrate  of  p-amino-phenyl  pyridine  was  recrystallized  twice  from  water  and  alcohol;  it  was  in  the  form  of 
yellow  crystals,  m.p.  164*. 

Found  %:  N  17.55,  17.61.  C17H19O7N5.  Calculated  %:  N  17.54. 


•  S.  F.  Rybkina  participated  in  the  experimental  work. 
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Chlonde  of  5.1'-(p-phenylenediamine)-l,5*-bis-(2.4-dinltroaniline)-pemadien-l,3,l*,3*-ylidene-5.5'. 

A  mixture  of  1.3  g  of  p-phenylenediamine  hydrochloride,  1  g  of  2,4 -dinitropheiiyipyridimum  chloride  in  5  ml  of 
alcohol  and  2  ml  of  pyridine  was  heated  on  a  boiling  water  bath  for  15  minutes.  At  first,  after  the  precipitate 
came  down,  the  violet  color  of  the  mixture  turned  to  red.  The  precipitate  was  washed  on  a  filter  with  water, 
acetone  and  ether.  We  obtained  0.9  g  of  a  mixture  of  dyes  which  was  resolved  by  chromatography  on  aluminum 
oxide.  We  isolated  a  symmetrical  amino  derivative  (1)  and  green  crystals,  difficultly  soluble  in  alcohol,  m.p. 
240*.  The  dye  was  readily  soluble  in  formic  acid  and  water,  less  soluble  in  acetic  acid  from  which  it  was  re- 
crystallized.  It  contained  solvent. 

Found  N  14.96,  15.03.  CzgHz^OgNgClj-CHjCOOH.  Calculated  <7o:  N  15.32. 

Decomposition  of  dye.  1  g  dye  in  10  ml  pyridine  was  heated  on  a  wire  gauze  with  reflux  condenser  for 
1  hour.  The  brown  solution  was  filtered  off  and  steamed  down  over  a  water  bath.  Dinitroaniline  (extracted  with 
acetone)  was  detected  in  the  residue  and  also  p-aininoplicnylpyridiniuin  chloride- the  picrate  had  m.p.  164*. 

After  decomposition  of  the  dye-stuff,  the  precipitate  was  washed  on  a  filter  several  times  with  water  and  yielded 
a  green  crystalline  product  which  was  soluble  in  water  and  alcohol  with  a  yellow  coloration  and  in  formic  acid 
with  a  red-violet  coloration.  Its  identity  was  not  determined. 

After  thermal  decomposition  of  the  dye  (at  220*),  the  melt  was  treated  with  acetone,  the  dinitroaniline 
was  extracted,  the  residue  was  dissolved  in  water  and  the  picrate  was  obtained  in  the  form  of  yellow  crystals 
which  melted  at  163-164*.  Thus,  after  decomposition  of  the  bis-peniamethine  dye  (IX),  we  isolated  dinitro- 
aniline,p-aminophenylpyridinium  chloride  and  a  small  quantity  of  dye  who^e  structure  was  not  determined. 

Chloride  of  l,5-bis-(acetyl-p“phenylenediamine)“pentadien-l,3-ylidene-5.  Condensation  of  the  initial 
quaternary  salt  with  acetyl-p-phenylenediamine  in  alcohol  yielded  the  dye-stuff  in  the  form  of  fine  violet 
crystals,  yield  55*^.  After  recrystallization  from  acetic  acid,  the  product  was  in  the  form  of  violet  crystals, 
m.p,  147*.  It  contained  traces  of  solvent. 

Founder  N  13.75,  13.83.  C2iH2302N4Cl.  Calculated  %:  N  14.05. 

P-Acetylaminophenylpyridinium  chloride.  1  g  of  dye  was  heated  in  a  drying  oven  until  it  melted.  The 
fusion  was  treated  with  water,  decolorized  with  carbon,  steamed  down,  and  after  being  washed  with  acetone  was  in 
the  form  of  a  powder  with  a  slight  pinkish  tinge.  Upon  purification  of  the  salt  by  precipitation  from  decolorized 
alcohol  solution  with  ether,  it  was  in  the  form  of  clumps  of  small  needles  which  slightly  darkened  in  air,  m.p. 
276-277*.  Heating  with  caustic  soda  caused  cleavage. 

Found  N  11.34,  11.34;  Cl  14.25,  14.10.  Ci3Hj30N2Cl.  Calculated  N  11.27;  Cl  14.29. 

The  picrate  was  in  the  form  of  yellow  crystals,  m.p.  189*. 

Chlonde  of  l,5-bis-(p-aminodimethylaniline)-pentadien"l,3-ylidene-5  was  obtained,  yield  57%,  in  the 
form  of  violet  crystals  (from  alcohol),  m.p.  147*.  It  contained  traces  of  solvent. 

Found  %:  N  14.88,  14.95.  C21H27N4CI.  Calculated  %:  N  15.13. 

p-Dimethvi;minophenvlpv:idinijm  chloride  was  prepared  by  decomposition  of  the  dye  in  water.  The  treat¬ 
ment  was  the  same  as  for  p-aminophenylpyridimum  chlonde.  After  recrystallization  from  a  mixture  of  acetone 
and  ethyl  alcohol  (6;  1),  we  isolated  the  quaternary  salt,  yield  53%,  in  the  form  of  golden-yellow  needles, 
m.p.  114*;  It  contained  solvent.  The  loss  in  weight  after  drying  was  16%  which  corresponded  to  1  molecule  of 
alcohol. 

Found  %:  N  9.94,  9.99.  C13H15N2CI  •  C2H3OH.  Calculated  %:  N  9.98. 

l-(p-Aminodimethylaniline)-pentadien-l,3-al-5.  When  a  concentrated  aqueous  solution  of  the  hydro¬ 
chloride  of  p-dimethylaminophenylpyridinium  chlondewas  heated  with  a  20%  caustic  soda  solution,  we  obtained 
lustrous  green  crystals  (orange  under  the  microscope)  from  the  red  solution.  The  product,  washed  several  times 
with  water  and  ether,  melted  at  240*  (with  decomp.).  It  was  soluble  in  dichloroethane,  absorption  maximum  — 
535  m/i.  in  acetone  —  480  mp  and  in  alcohol  —  470  mp.  Its  yield  was  69%  (based  on  the  salt). 

Found  %:  N  13.22,  13.04.  C13HJ6ON2,  Calculated  %;  N  12.96. 

p-p*  -Phenylenedipyridinium  chloride.  A  mixture  of  1  g  of  2,4*dinitrophenyipyuainium  chloride  and  1.6  g 
of  p-aminophenyipyridinium  chloride  in  to  ml  of  ethyl  alcohol  was  heated  for  5  minutes  on  a  water  bath.  About 
1  ml  of  pyridine  was  added  to  the  hot  brown  solution  and  an  intense  red  coloration  immediately  appeared. 
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Heating  of  the  mixture  was  continued  until  a  negative  reaction  was  obtained  in  testing  for  the  presence  of  2,4- 
dinitrophenylpyridinium  chloride.  After  two  hours  of  heating,  upon  cooling,  the  dark  precipitate  which  came 
down  was  filtered  off  (dinitroaniline)  and  the  filtrate  was  evaporated  to  dryness  over  a  water  bath.  The  dry 
residue  was  heated  several  times  with  acetone  to  remove  traces  of  dinitroaniline  and  then  was  dissolved,  upon 
heating,  in  10  ml  of  ethyl  alcohol,  filtered,  and  precipitated  with  an  excess  of  acetone.  We  obtained  0.9  g  of 
an  orange-red  compound,  soluble  in  alcohol  with  a  yellow  coloration  and  a  strong  green  fluorescence;  upon 
addition  of  hydrochloric  acid,  the  color  went  to  orange-red  (507  mp).  This  compound  was  the  dipyridinium 
salt,  stained  by  the  dye.  After  decolorization  with  carbon,  the  salt  was  precipitated  from  alcoholic  solution  with 
acetone.  We  obtained  0.65  g  of  pale-yellow  crystalline  substance,  readily  soluble  in  water  and  alcohol.  It 
did  not  melt  and  carbonized  upon  heating.  The  action  of  alkali  upon  its  aqueous  solution  produced  an  intense 
yellow  coloration.  The  action  of  aqueous  alkali  upon  the  dry  salt  yielded  a  brown  substance,  soluble  in  acetone 
with  an  orange  coloration,  in  alcohol  —  yellow,  and  in  alcohol  in  the  presence  of  acid  —  orange-red. 

The  dipyridine  salt  was  purified  through  the  double  mercuric  salt  which  was  recrystallized  from  water 
in  the  form  of  faint-yellow  lustrous  flakelets,  m.p.  285*.  After  decomposition  of  the  mercuric  salt  with  hydrogen 
sulfide,  the  colorless  solution  was  evaporated  down.  The  salt  was  reprecipitated  from  anhydrous  alcohol  with 
ether.  It  contained  solvent.  The  loss  in  weight  after'drying  was  15.58%,  corresponding  to  1 V4  molecules  of 
alcohol. 

Found  %:  N  7.54,  7.69;  Cl  19.72,  19.32.  CisH^NzClz’  1V4  C2H5OH.  Calculated  %:  N  7.72;  Cl  19.59. 

The  picrate,  recrystallized  from  water,  was  in  the  form  of  lemon-yellow  crystals,  m.p.  233*. 

Found  %:  N  15.99,  16.20.  C2,HigOi4Ng.  Calculated  %:  N  16.23. 

Chloride  of  l,5-bis-(m-phenylenediamino)-pentadien-1.3-ylidene-5.  A  solution  of  18  g  of  m-phenyl- 
enediamine  in  20  ml  of  ethyl  alcohol  was  added  to  a  hot  solution  of  23  g  2,4-dinitrophenylpyridinium  chloride 
in  40  ml  of  alcohol.  The  mixture  was  heated  for  30  minutes.  After  purification  by  washing  (with  water, 
alcohol  and  acetone),  we  obtained  19  g  of  dye  in  the  form  of  greenish-brown  powder,  difficultly  soluble  in 
water  and  soluble  in  alcohol  with  an  orange- red  coloration.  On  reprecipitation  from  alcohol,  it  was  in  the 
form  of  a  dark-red  finely  crystallized  powder,  m.p.  198-200*.  It  contained  solvent. 

Found  %:  N  13.71,  13.84.  C17H19N4CI  •  2C2H5OH.  Calculated  %:  N  13.78. 

m-Aminophenylpyridinium  chloride.  1  g  of  dye  was  heated  in  a  drying  oven  to  182*;  the  crystals  on  top 
slightly  fused.  This  fusion,  on  being  rubbed,  was  in  the  form  of  a  dark  brown  powder,  soluble  in  water  and 
alcohol  with  a  yellow-brown  coloration  and  a  strong  green  fluorescence.  Upon  addition  of  acid,  the  color 
did  not  change  but  the  fluorescence  intensified.  Upon  heating,  the  product  dissolved  in  alcohol  and  was  passed 
through  a  column  containing  aluminum  oxide  and  an  excess  of  ether  was  added  to  the  brown  solution  until  a 
precipitate  came  down.  We  isolated  a  dark  brown  product,  m.p.  258*.  It  contained  solvent.  The  alcoholic 
solution  was  yellow  with  green  fluorescence.  We  found  13.63%  nitrogen,  corresponding  to  a  compound  con¬ 
taining  2  molecules  of  am  inophenylpyridinium  chloride  1  molecule  of  phenylenediamine  and  2  molecules 
of  alcohol.  After  separation,  ether  was  again  added  to  the  mother  liquor  and  the  mixture  was  set  aside  for  a 
day.  Long  yellow  needles,  readily  soluble  in  water,  came  down,  m.p.  75*.  Upon  reprecipitation  from  alcohol 
with  ether,  the  product  gave  pale  yellow  needles,  m.p.  78*.  It  was  readily  soluble  in  acid  and  after  concentra¬ 
tion,  the  colorless  precipitate  gave  a  yellow  coloration  with  alkali  and  after  heating  —  a  red  one.  It  contained 
solvent.  The  loss  in  weight  after  drying  was  9.5%,  corresponding  to  V2  molecule  of  alcohol. 

Found  %:  N  12.30,  12.16.  CnH|iN2Cl  •  V2 C2H5OH.  Calculated  %:  N  12.20. 

Chloride  of  l,5-bis-(o-phenylenediamine)-pentadien-l,3-ylidene-5.  1  g  o-phenylenediamine  was  added 
to  a  hot  solution  of  1.2  g  initial  salt  in  10  ml  of  alcohol.  The  thick  red  solution  was  heated  to  the  boil  for 
3  minutes  and  left  standing  overnight.  The  dark,  almost  black  crystals  were  washed  with  acetone,  water,  alcohol 
and  ether.  We  isolated  0.2  g  of  finely  crystalline  precipitate,  soluble  in  alcohol,  with  an  orange- red  coloration 
and  in  pyridine  —  bright  red;  m.p.  160*. 

Found  %:  N  16.36.  C17H19N4CI  •  V2 C2H5OH.  Calculated  %:  N  16.59. 

A  dye  in  the  form  of  a  resin  was  precipitated  from  the  mother  liquor  with  ether;  it  was  readily  soluble 
in  alcohol  giving  a  fuchsine,  and  in  acetone,  a  blue-violet  coloration;  we  could  not  isolate  the  product  in  a 
crystalline  state. 
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l-(2,4-Dinitroaniline)-5-(o-phenyIenediam!ne)-pentacien’-l,  3-yhdene-5.  A  mixture  of  3  g  of  o-phenyl“ 
enediamine  and  3.8  g  of  2,4-dinitrophenylpyridin;uni  chioude  in  20 ml  of  alcohol  was  heated  for  20  minutes. 
Brown  crystals  separated  out  of  the  hot  solution  and  were  filtered  off  and  washed  the  next  day;  after  recrystal- 
lization  from  pyndine,  they  had  m.p.  225*.  We  isolated  0.3  g  of  compound  which  was  difficultly  soluble  in 
alcohol,  giving  yellow  coloration  in  the  presence  of  acid  the  color  did  not  change,  alkali  deepened  the  color, 
in  alcohol  it  was  fuchsine  and  in  acetone  —  violet. 

Found  N  18.46,  18.48.  CitHjjO^NsCI.  Calculated^:  N  17.81. 

The  compound  was  again  analyzed  after  standing  for  2  days. 

Found  N  18.95;  Cl  2.20,  2.15.  C,7Hi,04N5Ci.  Calculated  N  17.81lC1  9.11. 

The  compound  was  dissolved  in  pyridine  and  precipitated  with  water,  washed  on  a  filter  several  times 
with  water  and  did  not  contain  chlorine.  It  wa-,  readily  soluble  in  acetone  giving  an  orange  coloration  and  upon 
addition  of  alkali,  the  color  turned  blue- violet.  It  contained  solvent. 

Found  N  18.41.  C- 7Hi504N5  •  1 V2  H^O.  Calculated  <7o;  N  18.42. 

After  the  compound  was  thermally  decomposed,  dinittoaniline  separated  out  and  the  resinified  product 
was  probably  o-phenyienedi«»mine. 

p-Amincd.phenyipyriJinlam  chloride.  3.4  g  of  yellow  substance  —  the  product  of  decomposition  of  the 
benzidine  derivative  of  glutaconic  aldehyde  [4]—  was  dissolved,  upon  heating,  in  concentrated  hydrochloric 
acid.  After  cooling  the  solution  was  carefully  neutralized  with  ammonia  and  an  orange-yellow  crystalline 
product  came  down  which  was  readily  soluble  in  water  and  alcohol,  difficultly  soluble  in  acetone;  it  recrystal¬ 
lized  from  ethyl  alcohol  in  the  form  of  yellow  flakes,  m.p.  307*.  Yield  1.2  g.  Diazotization  revealed  the 
presence  of  one  amino  group.  The  product  was  dried  in  vacuum. 

Found  N  9.93,  9.88;  Cl  12.51,  12.44.  CnHigNjCl.  Calculated  N  9.91,  Cl  12.57. 

Chlonde  of  1.4-bis-(p-aminoniphcnyipvridinium  chloride)pentadien-l,3-vliden-5.  A  mixture  of  0.5  g 
of  p-ami.noaiphenylpyr:dinijm  chloride  and  0,5 g  2,4-dini:rophenyipyjia.nium  chloiide  in  iu  ml  of  alcohol  was 
heated  with  2  ml  of  pyndine  on  a  water  bath  for  15  minutes  and  set  aside  for  12  hours.  After  being  washed  on 
a  filter,  the  red  precipitate  was  reprecipitated  from  alcdiol  with  hydrochloric  acid;  it  weighed  0.4  g  (57%).  The 
dye  decomposed  without  fusion.  It  contained  solvent.  The  loss  in  weight  after  orying  was  17%,  corresponding 
to  3  molecules  of  alcohol. 

Found  %:  N  6.97,  7.06;  Cl  13.19,  13.35.  C39H33N4CI3 •  3C2HjOH.  Calculated  %;  N  6.99;  Cl  13.29. 


SUMMARY 

1.  Nine  pyndine  dyes  were  obtained  by  the  reaction  of  2,4-dinitrophenylpyndinium  chloride  with  di¬ 
amines  and  their  properties  were  studied. 

2.  Depending  on  the  condensation  conditions,  it  was  established  that  the  diamines  with  unsubstituted 
amino  groupi  can  react  with  the  starting  pyridinium  salt  in  the  ratios:  2:1,  1:1  and  1:  2. 

3.  The  cyclization  of  the  studied  dyes  gave  6  new  N-arylpyndinium  salts. 
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THE  SYNTHESIS  OF  A  NUMBER  OF  DERIVATIVES  BASED  ON 
2,4-DICHLORO-2-BUTENE 

SYNTHESIS  AND  PROPERTIES  OF  2-CHLORO-4-MERCAPTO-2-6UTENE 

A.  L.  Klebansky  and  G.  T.  Essayan 


2,4"Dichloro-2-butene  is  characterized  by  a  high  reactivity  of  the  allyiic  chlorine.  In  this  communication 
we  describe  the  reaction  of  2,4-dichloro-2-butene  with  sodium  hydrosulfide  to  give  the  mercaptan 

(I).  This  compound  can  be  of  interest  both  in  itself  and  for  further  syntheses.  In  alcohol  medium  a  product 
was  isolated  that  failed  to  show  the  characteristic  reactions  of  mercaptans.  This  product  can  be  assumed  to  be 
2~chloro-4-ethoxy-2-butene  (II),  formed  in  the  reaction  of  2,4-dichloro-2-butene  with  ethyl  alcohol  in  the 
presence  of  alkali.  Under  our  conditions  the  latter  is  formed  as  the  result  of  the  partial  hydrolysis  of  either 
NaSH  orNa  jS  [1].  Together  with  the  solvent,  the  concentration  of  the  sodium  hydroxide  in  the  aqueous  hydro¬ 
sulfide  solution  also  has  an  important  bearing  on  the  formation  of  the  mercaptan. 

As  is  known  from  the  literature  [2],  mercaptans,  in  the  presence  of  alkalies,  react  with  alkyl  chlorides, 
being  transformed  into  the  corresponding  sulfides.  In  the  case  of  2,4“dichloro-2-butene  the  formation  of  com¬ 
pound  (III)  can  be  expected: 

CH3-CC1=  CH-CHjSH  CH3-CC1=  CH-CHj-OCjHs 

(I)  (11) 

CH3-CC1=  CH-CH2-S-CH2-CH=  CCI-CH3. 

(Ill) 

This  compound  was  not  isolated  by  us;  however,  when  NaSH  solution  with  a  high  NaOH  content  was  used 
we  observed  a  sharp  reduction  in  the  mercaptan  yield  and  the  formation  of  secondary,  higher-boiling  products, 
which  were  not  investigated. 

The  2-chloro-4“mercapto-2-butene  (I)  obtained  by  us  has  a  sharp,  disagreeable  odor,  characteristic  for 
mercaptans.  On  prolonged  exposure  to  the  air  it  slowly  oxidizes  to  the  disulfide.  In  the  complete  absence  of 
air,  or  when  its  admittance  is  limited,  and  in  the  absence  of  light  it  can  be  kept  for  quite  some  time  (3-4 
months)  without  significant  changes.  Its  reaction  with  iodine  also  gives  the  disulfide.  The  latter  reaction  is 
used  for  the  quantitative  determination  of  mercaptans  [3].  However,  when  the  iodometric  method  is  used  for 
the  quantitative  determination  of  2-chloro-4-mercapto~ 2-butene  there  is  some  abnormal  consumption  of  iodine. 
This  can  be  explained  by  the  presence  of  a  double  bond,  which  shows  partial  addition  of  iodine  in  this  case. 

The  product  obtained  in  the  reaction  with  iodine,  namely  the  disulfide,  was  not  individualized. 

Attempts  to  improve  the  iodometric  determination  results  by  using  solvents  and  by  running  the  titration 
in  solutions  also  gave  unfavorable  results.  It  was  experimentally  shown  that  under  these  conditions  the  2-chloro- 
4~mercapto- 2-butene  is  oxidized  very  slowly,  which  is  not  feasible  in  practice.  Like  all  mercaptans  [4],  2- 
chloro-4-mercapto~2-butene  (I)  gives  the  silver,  mercury  and  lead  mercaptides.  The  latter  suffer  decomposition 
without  melting.  The  mercaptan  is  soluble  in  both  alkali  and  in  ammonia,  the  former  being  the  better  solvent. 
Dissolving  the  mercaptan  in  alkali  can  serve  as  a  method  for  its  separation  from  the  sulfide,  the  starting  di- 
chlorider  and  other  reaction  impurities. 


EXPERIMENTAL 


Preparation  of  2-chlor<- - 4 -mercapto-?-butene(I)by  the  reaction  of  2.4-dichlorc-2-biitcne  withanaqueous 
solution  of  NaSH.  56.3  g  2.4-dichloro-C‘-butenc  and  350  ml  aqueous  NaSH  solution,  prepared  by  passing  H2S 
through  an  aqueous  solution  of  NaOH  (the  NaSH  content  was  94  g/liier).  were  placed  in  a  flask  fitted  with 
stirrer  and  reflux  condenser.  The  reaction  mixture,  with  continuous  stirring,  was  heated  on  a  boiling  water  bath 
for  6  hours;  after  this,  the  oily  layer  was  separated  off  and  agitated  with  a  25  fo  aqueous  solution  of  NaOH;  at 
this  point  the  mercaptan  dissolved  but  the  admixtures  (initial  dichloride,  sulfide  and  disulfide)  remained  un¬ 
changed.  After  the  admixtures  were  separated  off,  the  alkaline  solution  of  the  sodium  mercaptide  was  acidified 
with  hydrochloric  acid;  the  mercaptan  which  separated  out  was  washed  with  water  and  dried  over  Na2S04.  Upon 
vacuum-distillation,  we  collected  the  fraction  that  boiled  at  68-68.5*  at  50  mm^  Yield  55%. 

df  1.1232,  ng  1.5102,  MRp  32.63;  calc.  32.76. 

Found  %:  Cl  29.1;  S  26.02.  C4H7CIS.  Calculated  %:  Cl  28.98;  S  26.11. 

When  NaSH  solutions  containing  15  to  25  g/ liter  of  NaOH  were  used,  the  yield  was  sharply  reduced.  The 
boiling  points  of  the  mercaptan  at  various  pressures  are  given  in  Table  1. 


TABLE  1  TABLE  2 


Pressure  (in  mm) 

Boiling  point 

Content  of 

Content  for  mercaptan  (in  % 

50 

100 

68-68.5* 

85-86 

mercaptan  in 

with  respect  to  initial  mixture) 

improvi  sed  ' 

mixture  (in%)  i 

by  I 

by  HI 

150 

92-93 

200 

99-100 

60  { 

103.3 

94.3 

300 

107-108 

106.6 

92.8 

500 

123-124 

70 

103.8 

98.4 

680 

145  (with  decomp.) 

80 

95.9 

98.0 

85  1 

104.1 

96.7 

Study  of  the  reaction  of  the  mercaptan  with  iodine. 

i  104.0 

94.0 

(Experiments  of  quantitative  determination  of  the  mer¬ 
captan  in  commercial  mixtures).  Experimental  studies  of  the  reaction  of  the  mercaptan  with  iodine  were  made 
to  determine  the  possibility  of  quantitative  determination  of  the  mercaptan  in  commercial  mixtures.  The  re¬ 
action  was  performed  with  an  iodine  solution  in  various  media  —  aqueous,  alcoholic  and  benzene. 

Experiments  in  aqueous  medium.  A  weighed  portion  of  the  mercaptan,  0.1-0.15  g,  was  placed  in  a 
Zhukov  flask  (shielded  from  light)  which  contained  50  ml  of  0.025  N  iodine  solution,  and  the  contents  of  the 
flask  were  stirred  for  1  hour.  The  excess  of  iodine  was  titrated  with  0.025  N  Na2S20s  solution.  Calculation  was 
on  the  basis  of  the  following  equation  for  the  reaction: 

2CHjCCl=  CHCHgSH  +  I2  — ►  2HI  +  CH3CCi=  CHCH2-S-S-CH2CH=  CClCHg. 

In  view  of  the  possibility  that  the  iodine  might  be  partially  consumed  as  the  result  of  addition  to  the  double 
bond  of  the  mercaptan  itself  and  to  that  of  the  possibly  admixed  dichloride  (without  considering  a  substitution 
reaction  which  is  less  probable  under  the  conditions  cited)  we  also  determined  the  amount  of  HI  that  separated 
out  during  the  reaction.  For  this  purpose,  after  combination  of  the  excess  iodine  with  hyposulfite,  the  HI  was 
titrated  with  0.025  N  NaOH  solution  in  the  presence  of  methyl  red  as  an  indicator.  The  analytical  results  on 
improvised  mixtures  are  given  in  Table  2. 

The  data  of  Table  2  show  that  the  lodometric  method  gave  rather  high  results  of  the  iodine  consumed 
and  low  results  by  HI  in  the  range  of  3-7%  of  the  absolute  values.  In  order  to  secure  a  more  uniform  distribution 
of  the  mercaptan  in  the  solution  during  titration,  analyses  were  performed  with  alcohol  and  benzene  as  solvents. 
These  experiments  showed  that  the  reaction  of  the  mercaptan  with  iodine  in  these  solvents  goes  very  siowly  and 
is  not  complete  (Table  3). 

Reaction  of  the  mercaptan  with  alkali.  To  determine  the  solubility  of  the  mercaptan  in  solutions  of  NaOH 
of  various  concentrations  we  took  a  measured  volume  of  the  mercaptan  in  a  100  ml  test  rube  with  O.i  ml 
divisions  and,  upon  shaking,  added  alkali  in  varied  amounts  to  secure  various  concentrations  and  excesses  of  the 
latter  in  the  solution.  It  was  determined  that  the  maximum  solubility  in  alkali  (about  85-87%  of  the  quantity 
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of  the  mercaptan  present)  was  attained  for  the  commercial  pioduct  with  an  87.4'!^  mercaptan  content  when 
20-25%  alkali  was  used  in  50%  excess.  The  solubility  of  ^he  mercapian  in  the  alkaline  solutions  decreased  with 
increase  of  dilution  with  foreign  substances  such  as  benzene,  e*;hej  or  initial  2,4  dichloro -2-D^rcne. 

Prepaxa:ion  of  meicapudes  of  hejivy  merais. 
Silver  mercati^  de.  25  ml  0.1  N  AgNOj  solution 
wa»  added  to  a  solution  of  0.5  g  of  mercaptan 

(I)  in  20  ml  ethyl  alcohol  and  the  mixture  was 
heated  on  a  water  bath.  A  white  precipitate 
formed  which  after  filrration  and  drying  at  room 
temperature,  gradually  darkened  in  air.  The 
precipitate  was  insoluble  in  alconol  and  de¬ 
composed  at  158*  without  mehing. 

Merc  ury  mercaptide.  An  exc  ess  of  mer-- 
cunc  oxide  was  added  to  a  solution  of  the 
mercaptan  in  ethyl  alcohol.  The  mixture  was  heated  on  a  water  bath  with  reflux  conden-er  for  a  half  hour  and 
then  filtered  while  hot.  Needles,  m.p.  80-81*  (after  ret'rystallization  from  alcohol)  came  down  from  the  filtrate. 

Found  %:  Cl  16.59,  16.93;  S  15.58,  15.57.  CjHjjSjCljHg.  Calculated  %:  Cl  16.01;  S  14.43. 

The  reaction  of  a  solution  of  the  mercaptan  with  mercuric  cyanide  yielded  a  mercury  derivative  of  a 
different  composition  and  structure.  20  ml  of  a  10%  solution  of  Hg(CN)2  was  added  to  a  solution  of  0.5  g  of 
mercaptan  (I)  in  20  ml  alcohol  and  the  mixture  was  heated  on  a  water  bath.  A  white  flaky  precipitate  formed 
which  was  filtered  off,  washed  with  water,  and  dried  at  room  temperature.  The  isolated  mercury  compound  was 
difficultly  soluble  in  ethyl  alcohol.  It  decomposed  at  248*  without  melting.  This  compound  was  not  analyzed 
further. 

Lead  mercaptide.  45  ml  of  20%  lead  acetate  solution  was  added  to  a  solution  of  3  g  of  mercaptan  in 
20  ml  ethyl  alcohol.  The  mixture  was  heated  on  a  water  bath  and  formed  a  yellow  amorphous  mass  upon  cooling. 

Copper  mercaptide.  A  solution  of  equal  quantities  of  copper  sulfate  and  sodium  acetate  was  added  to  the 
mercaptan.  A  yellowish  amorphous  precipitate  came  down.  After  being  washed  w.th  water  and  einei,  the 
product  was  analyzed  for  chlorine  content  according  to  Carius. 

Found  %:  Cl  20.24,  20.24.  C4H^lSCu.  Calculated  %:  Cl  19.19. 

The  isolated  mercaptide  of  copper  was  unstable;  upon  standing  it  gradually  darkened  and  decomposed 
without  melting  when  it  was  heated  above  100*.  It  was  virtually  insoluble  in  ordinary  solvents. 

SUMMARY 

1.  ’’he  mercaptan  CHs— CC1=  CH— CH|SH  was  obtained  by  the  reaction  of  2,4 -dichloto-  ^-butene  with 
sodium  hydrosulfide. 

2.  The  reactions  of  the  mercaptan  were  studied  and  a  number  of  its  oeriva.ives  were  prepared. 
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TABLE  3 


Solvent 

1  Content  of  mercaptan  (in  %) 

5  minutes 

1  hour 

1.5  hour 

18  hours 

Alcohol  1 

54.4 

67.9 

66.4 

- 

61.8 

68.1 

2  hours 

4  hours 

24  hours 

- 

Benzene 

73.2 

70.7 

77.8 

- 
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N  APHTHOFUROX  AN 


IV.  DERIVATIVES  OF  1,2-NAPHTHOQUINONE -6-SULFONIC  ACID  DIOXIME 


S,  V,  Bogdanov  and  I.  N.  Koroleva 


As  was  mentioned  earlier  [1],  the  oxidation  of  the  bisulfite  compound  of  1,2 -naphthoquinone  dioxime  in 
acid  medium  gives  the  bisulfite  compound  of  1,2-naphthofuroxan.  In  soda  solution  this  substance  is  transformed 
into  2-nitro-l-naphthylamine -4 -sulfonic  acid  and  2 -nitro-l-naphthol -4 -sulfonic  acid,  and  in  the  presence  of 
sodium  hydroxide  it  is  transformed  into  1,2 -naphthoquinone -4 -sulfonic  acid  dioxime  [2].  It  could  be  assumed 
that  the  corresponding  derivatives  of  1,2 -naphthoquinone -6 -sulfonic  acid  dioxime  will  also  have  similar  pro¬ 
perties.  Actually,  the  bisulfite  compound  of  l,2-naphthoquinone-6-sulfonic  acid  dioxime,  obtained  by  the 
treatment  of  the  bisulfite  compound  of  1-nitroso -2 -naphthol -6 -sulfonic  acid  with  hydroxylamine  [3],  when 
oxidized  with  either  nitric  or  nitrous  acid  is  transformed  into  the  bisulfite  compound  of  l,2-naphthofuroxan-6- 
sulfonic  acid  (I),  When  heated  for  a  short  time  with  a  1*70  soda  solution  this  bisulfite  compound  is  transformed 
into  2-nitro-l -naphthy famine -4, 6-disulfonic  acid  (II),  and  when  boiled  with  strong  soda  solution  it  is  ttans- 
formed  into  2 -nitro-l-naphthol -4, 6 -disulfbnic  acid  (III). 


N;- - 0 

NH, 

OH 

TT 1 

1  1  |-NO, 

tyV""' 

X  1  1 

1  1  j 

H  SOjH 

SOjH 

X 

d 

-to 

(1) 

(11) 

(HI) 

When  treated  with  sodium  hydroxide  at  room  temperature  the  bisulfite  compound  is  transformed  into  1,2- 
naphthoquinone -4,6 -disulfonic  acid  dioxime  (IV).  When  reacted  with  weak  hydrochloric  acid  the  naphthoqui- 
nonedisulfonic  acid  dioxime  is  transformed  into  2-nitroso-l-naphthol-4,6-disulfonic  acid,  when  heated  with 
sodium  hydroxide  it  is  transformed  into  l,2-naphthofurazan-4,6-disulfonic  acid  (V),  and  when  oxidized  with 
nitric  acid  it  is  converted  into  l,2-naphthofuroxan-4,-6-disulfonic  acid  (VI): 


NOH 

II  N 

\^{\ 

SO,H 

(IV) 


N— O 

II  i 
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S03H 


(VI) 
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io,H 


The  structure  of  (II)  and  (III)  was  established  by  the  properties  of  their  reduction  products,  and  the 
structure,  of  (IV)  was  established  by  its  conversion  into  2 -nitroso-l-naphthol-4, 6 -disulfonic  acid. 

The  analogous  behavior  of  the  bisulfite  compounds  of  1,2-naphthofuroxan  and  l,2-naphthofuroxan-6-sul- 
fonic  acid  shows  that  they  are  identical  in  structure. 

If  a  quinoid  formula  with  an  unsymmetrical  structure  for  the  furoxan  cycle  is  assumed  for  1,2-naphtho¬ 
furoxan,  then  the  formation  of  2-nitro-l-naphthylamine -4 -sulfonic  acid  and  2-nitro-l-naphthylamine-4,6- 
disulfonic  acid  from  the  corresponding  bisulfite  compounds  of  1,2-naphthofuroxan  and  1,2-naphthofuroxan -6- 
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sulfonic  acid  permits  assuming  that  the  oxygen  atom,  not  common  to  both  of  the  nitrogen  atoms,  is  fo\ind  in 
these  compounds  at  the  nitrogen  that  is  attached  to  the  second  carbon  atom  of  the  naphthalene  nucleus  (VII, 
VIII): 


n 


N— O 

I'  i 


\/\/ 


H. 


(VII) 


N— O 

II  I 

/\  O 

I  I  l„ 

H  SO,H 
(VIII) 


EXPERIMENTAL 

Bisulfite  compound  of  l,2-naphthofuroxan-6 -sulfonic  acid  (I).  1)  120  ml  of  a  solution  of  the  bisulfite  com¬ 
pound  of  1,2 -naphthoquinone -6 -sulfonic  acid  dloxime,  prepared  from  0,07  mole  of  1- 
nitroso-2-naphthol-6-sulfonic  acid,  was  run  in  the  course  of  2  hours  at  65-70*  into  181  g(0,7  mole)  24.5‘7o 
nitric  acid  and  the  mixture  was  held  at  95*  for  1  hour.  After  neutralization  of  the  initial  quantity  of  acid  with 
soda,  the  solution  was  evaporated  down  to  low  bulk.  The  sodium  nitrate  which  came  down  was  filtered  off  and 
washed  with  methyl  alcohol.  The  bisulfite  compound  of  naphthofuroxansulfonic  acid  came  down  from  the  fil¬ 
trate.  The  precipitate  was  filtered  off  and  washed  with  alcohol;  the  yield  was  12.0  g. 

Under  the  conditions  described  below,  we  isolated  7.2  g  of  the  sodium  salt  of  l,2-naphthoquinone-4,6- 
disulfonic  acid  . .  dioxime  from  the  filtrate. 

2)  A  solution  of  11.57  g  of  the  bisulfite  compound  of  naphthoquinonesuifonic  acid  dioxime  and  5.37  g 
of  sodium  nitrite  in  30  ml  of  waterwas  poured  in  the  course  of  1/2  hour  into  78  ml  of  5.6*70  hydrochloric  acid 
(heated  to  40*)  and  the  mixture  was  held  at  95*  for  15  minutes.  The  solution  was  evaporated  almost  to  dry¬ 
ness,  the  sodium  chloride  which  came  down  was  filtered  off  and  washed  with  methyl  alcohol.  The  residue  was 
boiled  with  100  ml  of  methyl  alcohol,  the  solution  was  filtered  and  the  methyl  alcohol  was  driven  off;  the 
yield  was  9.2  g.  Extraction  of  the  sodium  chloride  precipitates  with  hot  methyl  alcohol  yielded  1  g  more  of 
product. 

The  sodium  salt  was  very  readily  soluble  in  water,  with  more  difficulty  -  in  methyl  alcohol  and  insoluble 
in  ethyl  alcohol;  it  was  in  the  form  of  colorless  needles  (from  methyl  alcohol)  orhexahedral  prisms  (from  aqueous 
ethyl  alcohol). 

Found  <7k  H2O  12.00;  C  29.95;  H  1.87;  Na  11.68,  CioHgOgNiSiNai  •  3HjO. 

Calculated  i  HjO  12.12.  CioHjOgNzSjNaj.  Calculated  *7o:  C  30.61;  H  1.54; 

Na  11.73. 

2-Nitro-l-na|Athylamine-4,6-disulfbnic  acid  (II).  A  solution  of  22.3  g  of  the  sodium  salt  of  the  bisulfite 
compound  of  l,2-naphthofuroxan-6-sulfonic  acid  in  125  ml  1*70  soda  solution  was  heated  to  the  boil  and  im¬ 
mediately  cooled  to  20*.  27  g  of  sodium  chloride  was  added  to  the  solution  and  then  40  ml  of  ethyl  alcohol, and 
the  mixture  was  left  standing  for  18  hours  at  18-20*.  The  precipitate  was  filtered  and  washed  with  water  and 
alcohol;  the  yield  was  17.3  g  (74*7o). 

The  sodium  salt  was  readily  soluble  in  water  and  insoluble  in  alcohol,  it  was  in  the  form  of  yellow  needles 
(from  aqueous  alcohol).  The  diazo  compound  with  resorcin  gave  a  dark  red  color  and  with  l-amino-8-naphthol- 
3,6-disulfonic  acid  -  a  lilac  color  and  with  2-naphthol-3,6-disulfonic  acid  -  a  red  precipitate  (needles).  After 
treatment  with  soda,  the  diazo  compound  did  not  form  coupling  products  with  the  above  sulfonic  acids  but  gave 
an  intense  lilac  color  with  resorcin. 

Found  <7o:  HjO  16.31;  Na  11.63.  M  392.6.  CjoHeO^jSjNaj.:  41/4  HjO.  Calculated  *7a 

HjO  16.33.  CioHgOgNjSiNa,.  Calculated  <^0:  Na  11.73.  M  392.3. 

To  determine  M  a  weighed  portion  of  the  compound  was  boiled  with  a  4.5*7o  caustic  soda  solution  and  the 
ammonia  was  driven  off  into  a  0.1  N  hydrochloric  acid  solution;  the  excess  acid  was  titrated  with  caustic  soda. 
(Application  of  this  method  for  the  sodium  salt  of  2 -nitro-l-naphthy famine -4 -sulfonic  acid  showed  that  the  salt 
contained  one  molecule  of  water). 


2-Nitro-l-naphthol-4,6-disulfonic  acid  (III).  A  solution  of  10,0  g  of  the  sodium  salt  of  the  bisulfite 
compound  of  naphthofuroxansulfonic  acid  in  100  ml  of  12.5<^  soda  solution  was  boiled  for  2  hours,  cooled 
to  20°  and  acidified  with  hydrochloric  acid.  The  sodium  salt  of  nitronaphtholdisulfonic  acid  that  came 
down  was  filtered  off  and  washed  with  water  and  alcohol;  the  yield  was  3.8  g. 

The  sodium  salt  was  readily  soluble  in  water  and  difficulty  “in  alcohol;  it  was  in  the  form  of  yel¬ 
low  pyramids  and  bipyramids  (from  aqueous  alcohol).  Upon  reduction  with  stannous  chloride,  it  was  con¬ 
verted  to  2-amino-l-naphthol-4,6-disulfonic  acid  (long  colorless  needles).  The  action  of  nitric  acid  on 
the  reduction  product  gave  an  orange  solution  which  after  neutralization  with  sodium  acetate,  gave  a  red 
coloration  with  aniline  solution.  Alkaline  solutions  gave  a  green  coloration  which  turned  red  upon  acidifica¬ 
tion,  The  diazo  compound  gave  an  intense  fuchsine-red  color  with  resorcin. 

Found  <yo:  HjO  16.08;  Na  11.65.  CioHsOjNSjNa,  •  4  1/4  H,0.  Calculated  HjO 

16.29.  CigHsOjNSjNa,.  Calculated  Na  11.69, 

1.2- Naphthoquinone -4, 6-disulfonic  acid  dioxime  (IV).  6.9  ml  of  40.5%  caustic  soda  solution  was  added 
to  the  cooled  solution  of  8.92  g  of  the  sodium  salt  of  the  bisulfite  compound  of  naphthofuroxansulfonic 

acid  in  23  ml  of  water  and  the  mixture  was  held  at *5°  for  2  hours  and  at  18-20*  for  18  hours.  The  dark- 

red  solution  was  acidified  with  hydrochloric  acid  and  the  sodium  salt  of  naphthoquinonedisulfonic  acid  dioxime 

which  came  down  was  filtered  off  and  washed  with  water  and  alcohol;  the  yield  was  8.6  g  (94.5%). 

The  sodium  salt  was  readily  soluble  in  water  and  more  difficultly  “in  alcohol;  it  was  in  the  form  of 
light  yellow  trihedral  prisms  (from  aqueous  alcohol) :copperas  colored  an  aqueous  solution  deep  dirty  violet. 
Upon  reduction  with  stannous  chloride,  it  gave  a  compound  with  the  properties  of  the  sulfonic  acid  of  1,2- 
naphthylenediamine.  It  contained  water  of  crystallization  which  did  not  go  off  at  110*; at  120-130*  it  was 
decomposed. 

Found  %:  C  26.36;  H  2.69;  N  6.30;  Na  10.07.  CioHeOjNiSjNai  •  3  1/2  H,0. 

Calculated  %:  C  26.37;  H  2.88;  N  6.15;  Na  10.10. 

2 -Nitro-l-naphthol -4, 6-disulfonic  acid.  A  solution  of  10.5  g  of  the  sodium  salt  of  naphthoquinone¬ 
disulfonic  acid  dioxime  in  65  ml  of  water  was  acidifed  with  2.1  ml  of  34.4%  hydrochloric  acid  and  was  boiled 
for  2  hours.  Upon  addition  of  sodium  chloride  to  the  solution,  3.8  g  of  the  sodium  salt  of  the  nitroso  compound 
came  down. 

The  sodium  salt  was  readily  soluble  in  water  and  insoluble  in  alcohol;  it  was  in  the  form  of  long  yel¬ 
low  needles  (from  aqueous  alcohol).  It  gave  an  intense  green  coloration  with  copperas.  Upon  being  heated 
with  zinc  in  the  presence  of  traces  of  acetic  acid,  it  formed  a  colorless  solution  which  rapidly  turned  blue, 
which  upon  acidification,  turned  red  and  upon  alkalization,  turned  green.  Reduction  with  stannous  chloride 
yielded  2-amino-l-naphthol-4,6-disulfonic  acid. 

Found  %:  HjO  8.59;  Na  12.01.  CigHjOgNSiNa,  •  2H,0.  Calculated  %:  HjO 

8.72.  CioHsOgNSjNa,.  Calculated  %:  Na  12.20. 

1.2- Naphthofurazan -4, 6-disulfonic  acid  (V).  A  solution  of  4.0  g  of  the  sodium  salt  of  naphthoquinone¬ 
disulfonic  acid  dioxime  in  35  ml  of  water  was  alkaUzed  with  3.5  ml  of  40.5%  caustic  soda  and  boiled  for  8 
hours.  Sodium  chloride  was  added  to  the  acidified  solution  and  the  sodium  salt  of  naphthofurazandisulfonic 
acid  came  down  and  was  filtered  off;  the  yield  was  2  g  (52%). 

The  sodium  salt  was  readily  soluble  in  water  and  difficulty  “  in  alcohol;  it  was  in  the  form  of  thin 
curved  colorless  needles  (from  aqueous  alcohol).  Reduction  with  zinc  yielded  a  compound  with  the  pro¬ 
perties  of  a  sulfonic  acid  of  1,2-naphthylenediamine. 

Found  %c  H,0  14.55;  N  6.40;  Na  12.08.  CjoHiOrNiSiNa,  •  3  1/2  HgO.  Calculated  %: 

HjO  14.42;  N  6.41.  CioHgOTNjSjNa,.  Calculated  %:  Na  12.29. 

1. 2 - Naphthofuroxan -4, 6-disulfonic  acid  (VI).  25  ml  of  56.7%  nitric  acid  was  added  to  a  solution  of 
10.0  g  of  the  sodium  salt  of  naphthoquinonedisulfonic  acid  dioxime  in  50  ml  of  water  and  the  mixture  was 
boiled  for  10  minutes.  Upon  cooling  the  solution,  the  sodium  salt  of  naphthofuroxandtsulfonic  acid  came 
down;  the  yield  was  8.1  g  (79.5%). 
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TTie  sodium  salt  was  readily  soluble  in  water  and  insoluble  in  alcohol  it  was  in  the  form  of  thin 
colorless  needles  (from  aqueous  alcohol).  Reduction  with  zinc  in  the  presence  of  hydrochloric  acid  and 
stannous  chloride  yielded  a  compound  with  the  properties  of  a  sulfonic  acid  of  1,2-naphthylenediamine. 

Found  H,0  15.51  N  6.18,  Na  9,79.  CioH40,N2S,Na2  •  4  H2O.  Calculated  fa 
H2O  15,59,  N  6,u6  Ni  9,95, 

SUMMARY 

1.  The  oxidation  of  the  bisulfite  compound  of  1  2 -naphthoquinone- 6 'sulfonic  acid  dioxime  with  either 
nitric  or  nitrous  acid  leads  to  the  bisulfite  compound  of  1  2- naphthofuroxan-6 -sulfonic  acid. 

2.  When  treated  with  soda  the  bisulfite  compound  of  1,2 -naphthofuroxan-S -sulfonic  acid  is  trans¬ 
formed  into  either  2-nitro-l-naphthylamine-4,6-disulfonic  acid  or  into  2-nitro-l-naphthol-4,6-disulfoh. . 
acid,  and  when  treated  with  sodium  hydroxide  at  room  temperature  it  is  converted  into  l,2”naphtr.oquinor*e - 
4,6-disulfonic  acid  dioxime. 

3.  In  acid  medium  1  2 -naphthoquinone  -4,6 -disu If oric  acid  dioxime  is  transformed  into  2-nitroso-l- 
naphthol'456-disulforiic  acid,  into  1,2-naphthofurazan  4  6-disulfonic  acid  when  heated  with  sodium  hydro¬ 
xide,  and  into  l:2-naphthofuroxan-4,6  disulfonic  acid  when  oxidized  with  nitric  acid. 

4.  The  transformations  of  the  bisulfite  compound  of  1,2 -naphthofuroxan -6 -sulfonic  acid  in  alkaline 
medium  are  analogous  to  the  transformation  of  the  bisulfite  compound  of  1,2 -naphthofuroxan. 
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CATALYTIC  CONDENSATION  OF  ACETYLENE  WITH  AROMATIC  AMINES 
XXV.  SYNTHESIS  OF  2-(HYDROXYPHENYL)QUINOUNE  DERIVATIVES 

N.  S.  Kozlov  and  L.  Yu.  Pinegina 


A  new  method  for  the  synthesis  of  2-phenyIquinoIine  derivatives,  proceeding  from  acetylene,  aromatic 
amines  and  aromatic  aldehydes,  was  described  in  some  earlier  studies  made  by  one  of  us  [1-3].  This  com¬ 
munication  is  a  further  development  of  the  indicated  investigations.  Here  we  studied  the  catalytic  condensa¬ 
tion  of  acetylene  and  primary  aromatic  amines  with  salicylaidehyde.  The  aromatic  amines  taken  for  reac¬ 
tion  were  aniline,  o-,  m-  and  ptoluidines,  m-xylidine,  o-  and  p-anisidines,  and,  finally,  p -phene ti dine. 

Based  on  our  studied  reaction  we  synthesized  2-(2’hydroxyphenyl)quinoline  and  its  derivatives,  and 
specifically:  2  -(2'  -hydroxy phenyl)  -6  -methylquinoline,  2  -(2’  -hydroxyphenyl)  -7  -methy Iquinoline,  2-(2'- 
hydroxyphenyl)-8-methylquinoline,  2-(2' -hydroxyphenyl)-6,8-dimethylquinoline,  2-(2' -hydroxyphenyl) - 
6-methoxyquinoline,  2 -(2* -hydroxyphenyl) -8 -methoxyquinoline,  and,  finally,  2-(2*-hydroxyphenyl)-6- 
ethoxyquinoline.  With  the  exception  of  the  first  compound,  all  of  the  others  have  not  been  described  in 
the  literature  up  to  now.  The  present  study  extended  the  sphere  of  using  the  condensation  reaction  of 
acetylene  and  primary  aromatic  amines  with  aromatic  aldehydes,  and  it  was  shown  that  the  hydroxy  deriva¬ 
tives  of  aromatic  aldehydes  can  also  be  introduced  into  this  reaction. 

At  the  same  time  we  developed  a  new  method  for  the  direct  synthesis  of  hydroxy  derivatives  of  2- 
pheny Iquinoline  with  the  hydroxyl  group  being  on  the  phenyl  radical.  As  is  known,  up  to  now  these  com¬ 
pounds  have  been  obtained  by  a  more  complicated  method  consisting  of  several  stages  ~  most  frequently 
by  the  diazotization  of  the  corresponding  amino  derivatives,  or  by  the  alkaline  fusion  of  the  corresponding 
phenylquinolinesulfonic  acids  [5],  or,  finally,  by  the  decarboxylation  of  the  corresponding  hydroxyphenyl- 
quinolinecarboxylic  acids  [6]. 

E  XPERIMENT  AL 

All  experiments  of  the  co -condensation  of  aromatic  amines  with  aromatic  aldehydes  and  acetylene 
were  performed  by  the  following  scheme.  The  aromatic  amine  and  the  aromatic  aldehyde  were  taken  in  the 
molar  ratio  of  1.5: 1,  mercuric  chloride  served  as  the  catalyst  and  the  solvent  was  ethyl  alcohol.  The 
reaction  mass  was  saturated  with  acetylene  in  the  cold,  or,  if  the  intermediate  reaction  product  (Schiff  base) 
was  difficulty  soluble  in  cold  alcohol,  with  heating  to  70-80*.  After  the  reaction  mass  was  completely 
saturated  with  acetylene,  a  10‘7«  soda  solution  was  added  to  the  reaction  product  (until  it  gave  an  alkaline 
reaction)  in  order  to  destroy  the  remains  of  the  catalyst.  The  reaction  mass  was  then  treated  with  steam 
and  the  solvent  (alcohol)  was  driven  off  with  a  small  quantity  of  the  unreacted  aromatic  amine. 

The  reaction  product  in  all  cases  was  a  resinous  mass,  most  often,  brown  in  color.  This  resin  was 
vacuum -distilled  (3-4  mm).  The  first  fraction  as  a  rule  consisted  mainly  of  the  intermediate  reaction  pro¬ 
duct  ~  the  Schiff  base.  The  second  fraction  which  contained  the  quinoline  base  was  studied  in  detail.  The 
second  fraction  crystallized  most  of  the  time  and  upon  recrystallization,  it  yielded  the  pure  reaction  pro¬ 
duct.  In  those  cases  when  the  second  fraction  did  not  crystallize,  the  quinoline  base  was  extracted  from  it 
through  a  complex  with  ferrocyanic  acid  which  was  then  decomposed  by  alkali.  The  quinoline  base  was  ex¬ 
tracted  from  the  alkaline  solution  with  ether  and  then  crystallized  from  alcohol. 
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Synthesis  of  2 -(2* -hydroxyphenyl) -quinoline.  We  took  30  g  salicylaldehyde,  37.5  g  aniline,  100  ml 
ethyl  alcohol  and  4  g  mercuric  chloride.  The  mixture  was  saturated  with  acetylene  in  the  course  of  24 
hours.  We  obtained  48  g  of  resin.  12  g  was  distilled  in  vacuum  (3  mm):  the  1st  fraction  boiled  at  100- 
150“,  3.3  g:  the  2nd  fraction  boiled  at  150-170",  6.0  g;  the  residue  was  2.5  g.  From  the  2nd  fraction  we 
obtained  yellow  crystals,  m.p.  115*,  which  corresponded  to  the  literature  data  for  2 -(2* -hydroxyphenyl) - 
quinoline  [7].  The  picrate  melted  at  184-185*.  The  yield  of  2 -(2' -hydroxyphenyl) -quinoline  was  4.75  g 
(35.0%). 

Found  %:  C  81.54,  81.46;  H  4.96,  4.89;  N  6.43.  CigHuON.  Calculated  %: 

C  81.44;  H  4.98;  N  6.34. 

Analysis  of  the  platinate:  Found  ft:  Pt  22.60.  C3oH240jN2ClgPt.  Calculated  Pt  22.97. 

Synthesis  of  2 -(2* -hydroxyphenyl) -6 -methyLiuinoline.  vVe  took  30  g  salicykiljehyde,  42.9  g  p- 
toluidine,  100  ml  of  ethyl  alcohol  and  7  g  mercuric  chloride.  The  mixture  was  saturated  with  acetylene 
in  the  course  of  25  hours.  We  obtained  52.2  g  resin  of  which  15  g  was  vacuum -distilled  (3  mm):  the  1st 
fraction  boiled  at  110-200*,  3.3  g;  the  2nd  fraction  at  200-235*,  5.9  g;  the  residue  was  5.6  g;  the  losses  - 
0.2  g.  From  the  2nd  fraction  we  isolated  5.1  g  reaction  product  (34.2%).  It  was  in  the  form  of  yellow 
crystals,  m.p.  144-145*.  The  prepared  picrate  melted  at  216-217*  (decomp.)  and  we  also  prepared  the 
platinate. 

Found  %:  C  81.87,  81.59;  H  5.73,  5.88;  N  5.97,  6.16.  CigHjiON.  Calculated  %: 

C  81.70;  H  5.53;  N  5.96. 

Analysis  of  the  platinate:  •  Found  %:  Pt  22.12,  22.27.  C3iH280iN2Cl5Pt.  Calculated  %:  Pt  22.24. 


Synthesis  of  2 -(2* -hydroxyphenyl) -7 -methylquinoline.  We  took  10.8  g  salicylaldehyde,  15.5  g  m- 
toluidine,  40  ml  ethyl  alcohol  and  3  g  mercuric  chloride.  The  mixture  was  saturated  with  acetylene  in 
the  course  of  20  hours.  We  obtained  29.3  g  resin  of  which  10  g  was  vacuum -distilled  ( I  mm):  the  1st 
fraction  boiled  at  105-160*,  3  g;  the  2nd  at  160-190*,  3.4  g;  the  residue  was  3.5  g;  the  losses  -  0.1  g. 

From  the  2nd  fraction  we  isolated  3  g  (38.6%)  of  reaction  product.  It  was  in  the  form  of  yellow  acicular 
crystals,  m.p.  126-127*.  The  picrate  melted  at  196-196*  (decomp.). 

Found  %:  C  81.96;  81.64;  H  5.69,  5.69.  C15H13ON.  Calculated  %:  C  81.70;  H  5.53; 

N  5.96. 

Analysis  of  the  platinate:  Found  %:  Pt  22.17.  C32H2802N2Cl5Pt.  Calculated  %:  Pt  22.24. 

Synthesis  of  2 -(2* -hydroxyphenyl) -8 -methylquinoline.  We  took  30  g  of  salicylaldehyde,  42.9  g  o- 
toluidine,  100  ml  ethyl  alcohol  and  7  g  mercuric  chloride.  The  reaction  mixture  was  saturated  with 
acetylene  in  the  course  of  23  hours.  We  obtained  61.6  g  resin  of  which  15  g  was  vacuum -distilled  (3  mm): 
the  1st  fraction  boiled  at  100-160*,  3.8  g;  the  2nd  fraction  at  160-200*,  6.2  g;  the  residue  was  4.8  g;  the 
losses  -  0.2  g.  From  the  2nd  fraction  we  isolated  4  g  (28.5%)  of  reaction  product.  It  was  in  the  form  of  yel 
low  needles,  m.p.  101-102*.  The  picrate  melted  at  194-195*. 

Found  %:  C  81.74,  81.83;  H  5.80,  5.64,  N  5.86,  6.14.  CieHi30N.  Calculated  %: 

C  81.70;  H  5.53;  N  5.96. 

Analysis  of  the  platinate.  Found  %c  Pt  22.51,  22.44.  C32H2802N2ClePt.  Calculated  %:  Pt  22.24. 

Synthesis  of  2-(2'-hydroxyphenyl)-6-methoxyquinoline.  We  took  30  g  salicylaldehyde,  65.9  g  p- 
anisidine,  200  ml  ethyl  alcohol,  7  g  mercuric  chloride.  The  reaction  mixture  was  saturated  with  ace¬ 
tylene  in  the  course  of  25  hours.  We  obtained  68.6  g  resin  of  which  11  g  was  vacuum -distilled  (3  mm): 
the  1st  fraction  boiled  at  90-200*,  1.8  g;  the  2nd  fraction  at  200-240*,  6.4  g;  the  residue  was  2.6  g;  the 
losses  —  0.2  g.  Frotn  the  2nd  fraction  we  isolated  5.9  gi  51.6%)  of  reaction  product.  It  was  in  the  form  of 
yellow  crystals,  m.p.  159*.  The  picrate  melted  at  188-189*. 

Found  %:  C  76.63,  76.36;  H  5.34,  5.48;  N  5.56,  5.74.  CijHijOjN.  Calculated  %: 

C  76.49;  H  5.37;  N  5.57. 

Analysis  of  the  platinate:  Found  %:  Pt  21.09,  21.44.  C32H2804NsCl6Pt.  Calculated  %:  Pt  21.45, 

Synthesis  of  2 -(2’ -hydroxyphenyl) -8 -methoxy quinoline.  We  took  9  g  salicylaldehyde,  20  g  o- 
anisidine,  60  ml  ethyl  alcohol  and  5  g  mercuric  chloride.  The  mixture  was  saturated  with  acetylene  for 
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18  hours.  We  obtained  20.7  g  of  resin  of  which  20  g  was  vacuum -distilled  (3  mm):  the  1st  fraction  boiled 
at  120-215*.  6.2  g;  the  second  fraction  at  215-260*,  6.2  g;  the  residue  was  7.2  g;  the  losses  -0.3  g.  From 
the  2nd  fraction  we  isolated  3.6  g  (20. 1‘^)  of  reaction  product.  It  was  in  the  form  of  yellow  crystals,  m.p. 
154-155*.  The  prepared  picrate  melted  at  221*  (decomp.). 

Found  N  5,42.  5.35.  CieHuOjN.  Calculated  N  5.58. 

Analysis  of  the  platinate.  Found  Pt  21.47.  C3sH|g04N2ClcPt.  Calculated  Pt  21.45. 

Synthesis  of  2-(2'-hydroxyphenyl)-6  -ethoxyguinoline.  We  took  24.5  g  salicylaldehyde,  41.3  g  of  p- 
phenetidine,  100  ml  of  ethyl  alcohol  and  5  g  of  mercuric  chloride.  The  reaction  mixture  was  saturated 
with  acetylene  in  the  course  of  22  hours.  We  obtained  59.5  g  of  resin  of  which  16.8  g  was  vacuum -distil  led 
(1-2  mm);  the  1st  fraction  boiled  at  100-210*,  2  g;  the  second  at  210-230*,  6.7  g;  the  residue  was  8.0  g; 
the  losses  -  0.1  g.  From  the  2nd  fraction  we  isolated  5.7  g  of  reaction  products.  It  was  in  the  form 

of  yellow  crystals,  m.p.  153*.  The  picrate  decomposed  without  melting  at  200*. 

Found  C  76.79,  76.94;  H  5.54.,5.43;  N  5.63,  5.60.  CitHisP,N. 

Calculated  C  76.98;  H  5.66;  N  5.28. 

Analysis  of  the  platinate.  Found  Pt  20.95,  20.77.  C34H3204N2ClgPt.  Calculated  Pt  20.81. 

Synthesis  of  2-(2' -hydroxyphenyl)-6,8-dimethylquinoline.  We  took  10  g  salicyladehyde,  15  g  m- 
toluidine,  60  mi  ethyl  alcohol  and  7  g  mercuric  chloride.  The  reaction  mixture  was  saturated  with  acetylene 
in  the  course  of  15  hours.  We  obtained  24.2  g  resin  of  which  13.3  g  was  vacuum -distilled  (3  mm):  the  1st 
fraction  boiled  at  90-185*,  4.6  g;  the  2nd  fraction  at  185-220*,  4.6  g;  the  residue  was  3.8  g.  3.9  g  (37.5*^) 
of  reaction  product  was  obtained  from  the  second  fraction.  The  product  was  in  the  form  of  dark  yellow 
coarse  crystals,  m.p.  124-125*.  The  picrate  melted  at  204-205*  (decomp.). 

Found  C  82.33,  82.19;  H  6.08,  6.11;  N  5.75,  5.47.  CnH^ON.  Calculated  <5fc 

C  81.93;  H  6.02;  N  5.62. 

Analysis  of  the  platinate.  Found  %:  Pt  21.68,  21.47.  C34Hs{0|N2Cl(Pt.  Calculated  Pt  21.55. 

SUMMARY 

1.  The  catalytic  condensation  of  salicylaldehyde  and  a  number  of  aromatic  amines  with  acetylene 
was  studied. 

2.  A  new  method  was  developed  for  the  direct  synthesis  of  hydroxy  derivatives  of  2-phenylquinoline 
in  which  the  hydroxyl  group  is  on  the  phenyl  radical.  Seven  new  compounds  were  synthesized  in  this 
series. 
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THE  ACID  CHLORIDES  OF  PARTIAL  AROMATIC  ESTERS  OF 
ARYLSULFONIMIDOPHOSPHORIC  ACIDS 

A.  V.  Kirsanov  and  V.  I.  Shevchenko 


The  acid  chlorides  of  the  partial  esters  of  arylsulfonimidophosphoric  acids  of  the  type  ArS02N=  PCl2(OR) 
(I)  and  ArS02N=  PCl(OR)2  (II)  are  of  interest,  since  they  can  be  used  as  intermediates,  in  particular,  for  the 
preparation  of  mixed  esters  of  arylsulfonimidophosphoric  acids  [1]. 

We  were  unable  to  obtain  the  (I)  and  (II)  types  of  compounds  by  reacting  trichlorophosphazosulfonaryls 
with  phenols.  By  reacting  the  sodium  salt  of  N-chlorobenzenesulfonamide  with  phenylphosphite  dichloride 
(cf.  [1,  2])  we  were  able  to  obtain  the  phenylsulfonimidophosphoric  acid  phenyl  ester  dichloride  (III)  in  accord 
with  the  scheme: 

CeH5S02NNaCl  +  PCl2(OC,H5)  — ►  C,H5S02N=  PCl2(CX:eH5)  +  NaCl, 

When  (III)  is  treated  with  2  moles  of  sodium  phenolate  it  gives  the  triphenyl  ester  of  phenylsulfonimido¬ 
phosphoric  acid  in  good  yield,  which  proves  its  structure. 

The  methyl-  and  ethylphosphite  dichlorides  also  react  readily  with  the  sodium  salt  of  N-chlorobenzene¬ 
sulfonamide,  but  here  compounds  of  type  (I)  and  (II)  fail  to  be  formed  (cf.  EXPERIMENTAL). 

Considerably  better  results  were  obtained  when  we  reacted  the  sodium  salt  of  N-chlorobenzene$ulfonamide 
with  the  monochlorides  of  the  aromatic  esters  of  phosphorous  acid.  Thus,  for  example,  the  reaction  of  the 
sodium  salt  of  N-chlorobenzenesulfonamide  with  diphenylphosphite  chloride  gives  in  good  yield  the  crystalline 
phenylsulfonimidophosphoric  acid  diphenyl  ester  chloride: 

C,H5S02NNaCl  +  PC1(CX:8H5)2  — *•  C,H5S02N=  PCl(OC,H5)2  +  NaCl. 

With  sodium  phenolate  the  phenyl  sulfonimidophosphoric  acid  diphenyl  ester  chloride  gives  the  triphenyl 
ester.  The  chloride  is  easily  hydrolyzed  by  dilute  sodium  hydroxide  solutions.  Acidification  of  the  alkaline 
hydrolyzate  results  in  the  precipitation  of  the  partial  diphenyl  ester  of  phenylsulfonamidophosphoric  acid, 
identical  with  the  diphenyl  ester  obtained  from  either  the  dichloride  of  the  acid  and  sodium  phenolate  or  by 
the  saponification  of  the  triphenyl  ester  [3]. 

The  acid  chlorides  of  the  o-,  m-  and  p-cresylphenylphosphites  also  react  readily  with  the  sodium  salt 
of  N-chlorobenzenesulfonamide  to  give  liquid  acid  chlorides  of  the  cresylphenyl  esters  of  phenylsulfonimidophos¬ 
phoric  acid.  Their  structure  is  shown  by  the  fact  that  they  give  the  corresponding  partial  cresylphenyl  esters  of 
phenylsulfonamidophosphoric  acid  in  crystalline  form  and  in  good  yields  (65-86%). 

The  hydrolysis  of  the  monochlorides  proceeds  in  accord  with  the  scheme: 

C,H5S02N=  PCl(OAr)2  +  H2O  — ^  C,H5S02NHP0(0Ar)2  HCl. 

Titration  of  the  hydrolysis  products  is  a  rapid  and  convenient  analysis  method.  The  acid  chlorides  of 
the  diaryl  esters  of  phenylsulfonimidophosphoric  acid  titrate  as  two  equivalents  of  acid  (to  phenolphthalein). 

The  acid  chlorides  are  hydrolyzed  very  slowly  by  cold  water. 

To  obtain  the  phenylcresyl  esters  the  acid  chlorides  were  hydrolyzed  in  alkaline  medium.  Acidification 
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of  the  alkaline  hydrolyzate  gave  the  partial  phenylcresyl  esters  as  an  oily  layer  that  soon  crystallized. 

The  mixed  partial  esters  are  colorless  crystalline  substances  with  a  very  bitter  taste.  Chemically  they  are 
monobasic  acids,  with  dilute  sodium  hydroxide  solution  titrating  as  one  equivalent  (to  phenolphthalein).  Like 
the  other  partial  esters  described  earlier  [3,  4],  they  are  stable  to  both  dilute  alkali  and  mineral  acid  solutions. 

EXPERIMENTAL 

Reaction  of  the  sodium  salt  of  N-chlorobenzenesulfonamide  with  phenylphosphite  dichloride.  To  carry  out 
the  reaction  it  is  necessary  to  add  chloroamide  to  the  phosphorus- containing  ccxnpound  and  not  the  reverse. 
Moreover,  it  is  necessary  to  avoid  an  excess  of  chloramide  since  it  readily  reacts  with  the  reaction  product.  If 
an  excess  of  chloramide  is  used,  the  yield  of  triphenyl  ester  formed  by  the  reaction  of  the  reaction  product  with 
sodium  phenolate  is  reduced. 

Portions  of  0.03  mole  of  the  sodium  salt  of  the  N-chlorobenzenesulfonamide,  ground  to  a  fine  powder, 
were  added  to  a  solution  of  0.03  mole  of  the  phosphoric  acid  phenyl  ester  dichloride  in  50  ml  of  carbon  tetra¬ 
chloride.  The  temperature  of  the  reaction  mixture  was  held  in  the  range  of  30-40*.  The  reaction  went  rapidly 
and  readily.  The  sodium  chloride  was  separated  off  and  washed  with  a  small  quantity  of  carbon  tetrachloride. 
The  filtrate  was  steamed  down;  the  solvent  was  driven  off  in  vacuum  on  a  water  bath.  After  the  solvent  had  been 
driven  off,  a  thick  oily  liquid  remained.  The  yield  of  phenylsulfonimidophosphoric  acid  monophenyl  ester  di- 
chloridc  was  9.76  g  (92.9<5(>). 

Found:  equiv.  of  acid  on  hydrolysis*  3.93,  3.96.  C12H10O3NSPCI2.  Calculated:  equiv.  4.00. 

Reaction  of  phenylsulfonimidophosphoric  acid  phenyl  ester  dichloride  with  sodium  phenolate.  0.10  mole 
sodium  phenolate  was  added  to  a  solution  of  0.005  mole  phenylsulfonimidophosphoric  acid  phenyl  ester  di¬ 
chloride  in  15  ml  of  benzene.  The  reaction  was  energetic  and  the  sodium  phenolate  dissolved.  To  isolate  the 
triphenyl  ester  of  phenylsulfonimidophosphoric  acid,  the  benzene  was  driven  off  from  the  reaction  mixture 
under  reduced  pressure  on  a  water  bath.  50  ml  of  water  was  added  to  the  residue.  The  oily  layer  which  formed 
was  treated  with  0.2  N  caustic  soda  solution,  washed  with  water,  dissolved  in  ether  and  dried  with  calcium 
chloride.  After  the  ether  was  driven  off,  we  obtained  the  readily  crystallized  triphenyl  ester.  The  yield  was 
1.68  g(72.4%).  After  crystallization  from  alcohol,  it  melted  at  85-87*.  A  mixture  test  with  the  triphenyl 
ester  prepared  from  trichlorophosphazosulfonphenyl  and  sodium  phenolate  gave  no  melting  point  depression. 

Reaction  of  methyl-  and  ethylphosphite  dichlorides  with  the  sodium  salt  of  N-chlorobenzenesulfonamide. 
The  methyl-  and  ethylphosphite  Jichlorides  very  readily  react  with  the  sodium  salt  of  N-chlorobenzenesulfon¬ 
amide  to  form  a  colorless,  non-crystallizable  and  non-distilling  (without  decomposition)  liquid  with  the  odor 
of  the  initial  acid  chloride.  This  liquid,  upon  reaction  with  the  corresponding  sodium  alcoholates,  does  not 
yield  readily  isolated  and  identifiable  trialkyl  esters  of  arylsulfonimidophosphoric  acids  [4]  and,  therefore  con¬ 
tains  no  acid  chlorides  of  type  (I).  In  all  probability,  the  initially  formed  acid  chlorides  of  type  (I)  immediate¬ 
ly  react  with  the  sodium  salts  of  chloramide,  to  form  more  complex  product  and  a  portion  of  the  initial  acid 
chloride  remains  unchanged.  This  hypothesis  is  supported  by  the  fact  that  the  monophenyl  ester  of  phenyl¬ 
sulfonimidophosphoric  acid  dichloride  also  readily  reacts  with  chloramide  (see  above). 

Preparation  of  phenylsulfonimidophosphoric  acid  diphenyl  ester  chloride.  0.03  mole  of  the  phosphorus 
acid  diphenyl  ester  chloride  was  dissolved  in  50  ml  of  carbon  tetrachloride.  The  solution  was  heated  to  30-40* 
and  0.03  mole  of  the  anhydrous  sodium  salt  of  the  N-chlotobenzenesulfonamide,  ground  to  a  fine  powder,  was 
added  in  portions  to  the  above  solution.  The  reaction  went  very  readily  and  all  of  the  chloramide  reacted. 

The  reactants  may  be  mixed  in  the  reverse  order:  a  solution  of  0.03  mole  of  diphenylphosphite  chloride  in 
30  ml  of  carbon  tetrachloride  was  added  with  stirring,  through  a  dropping  funnel  to  a  mixture  of  0.03  mole  of 
chloramide  and  20  ml  of  carbon  tetrachloride;  the  addition  was  at  such  a  rate  so  that  the  temperature  of  the 
reaction  mixture  stayed  in  the  range  of  30-40*.  The  sodium  chloride  was  separated  off  ,  the  filtrate  was 
evaporated  down, and  the  solvent  was  driven  off  in  vacuum  over  a  boiling  water  bath.  As  the  residue  we  ob¬ 
tained  a  crystalline  mass  or  a  viscous  liquid  which,  upon  cooling  with  ice  water,  solidified.  The  yield  of  crude 
product  was  11.0  g  (90.1%).  For  purification,  the  acid  chloride  was  crystallized  from  carbon  tetrachloride; 
it  was  in  the  form  of  fine  colorless  prisms  that  melted  at  66-69*.  The  acid  chloride  was  readily  soluble  in 
alcohol,  acetone,  benzene;  in  water  it  was  insoluble  and  slowly  hydrolyzed. 


•  Here  and  below  —  phenolphthalein. 
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Found:  equiv.  acid  upon  hydrolysis:  2.00,  2.03.  CigHi504NSPCl.  Calculated:  equiv.  2.00. 

Reaction  of  phenylsulfonimidophosphoric  acid  diphenyl  ester  chloride  with  sodium  phenolate.  0.005  mole 
of  sodium  phenolate  was  added  to  a  solution  of  0.005  mole  diphenyl  ester  of  phenylsulfonimidophosphoric  acid 
chloride  in  10  ml  of  carbon  tetrachloride,  which  was  previously  heated  to  50*.  The  sodium  phenolate  readily 
reacted  with  the  acid  chloride.  To  isolate  the  triphenyl  ester,  the  reaction  mixture  was  evaporated  down,  and 
the  solvent  was  driven  off  in  vacuum  on  a  water  bath.  30  ml  of  water  was  added  to  the  residue.  Upon  rubbing 
with  a  small  glass  rod,  an  oil  formed  which  was  easily  crystallized.  The  crystalline  precipitate  was  separated 
off,  washed  with  water  and  dried.  The  yield  was  2.16  g  (93.1%).  After  crystallization  from  alcohol,  it  melted 
at  85-86*.  A  mixture  test  with  the  triphenyl  ester  of  phenylsulfonimidophosphoric  acid,  prepared  from  tri- 
chlorophosphazosulfonphenyl  and  sodium  phenolate,  gave  no  melting  point  depression. 

Hydrolysis  of  phenylsulfonimidophosphoric  acid  diphenyl  ester  chloride.  10  ml  of  1  N  caustic  soda 
solution  was  added  to  0.01  mole  diphenyl  ester  of  phenylsulfonimidophosphoric  acid  chloride  and  the  mixture 
was  heated  until  the  acid  chloride  completely  dissolved.  The  solution  was  filtered  and  acidified  with  2  N 
hydrochloric  acid  solution  until  an  acid  reaction  was  obtained  with  congo.  The  acid  diphenyl  ester  of  phenyl- 
sulfonamidophosphoric  acid  which  came  down  was  separated,  washed,  and  crystallized  from  alcohol,  m.p.  144- 
145*.  A  mixture  test  with  the  diphenyl  ester  of  phenylsulfonamidophosphoric  acid  prepared  by  hydrolysis  of 
the  triphenyl  ester  or  from  the  acid  dichloride  and  sodium  phenolate  [3]  gave  no  melting  point  depression. 

Preparation  of  phenylsulfonimidophosphoric  acid  cresylphenyl  ester  chlorides.  0.01  mole  of  powdered 
sodium  salt  of  the  benzenesulfonic  acid  chloride  was  added  to  a  solution  of  0.01  mole  cresylphenyl  ester  of 
phosphoric  acid  chloride  in  5  ml  of  carbon  tetrachloride.  The  reaction  went  very  readily  and  the  chloramide 
rapidly  disappeared.  20  ml  of  carbon  tetrachloride  was  added  to  the  reaction  mixture  and  it  was  left  standing 
for  several  hours  to  coagulate  the  sodium  chloride.  After  separation  of  the  sodium  chloride,  the  filtrate  was 
steamed  down  and  the  solvent  was  driven  off  under  reduced  pressure  over  a  water  bath.  The  cresylphenyl  ester 
of  phenylsulfonimidophosphoric  acid  chloride  was  obtained  from  the  residue  in  the  form  of  a  viscous,  non- 
crystallizable  oily  liquid. 

All  the  prepared  acid  cresylphenyl  ester  chlorides  were  colorless  liquids,  miscible  in  benzene,  alcohol, 
ether  and  acetone.  In  water  they  were  insoluble  and  slowly  hydrolyzed.  In  order  to  identify  the  acid  chlorides, 
they  were  converted  to  readily  crystallized  acid  cresyl  esters. 

The  yield  of  o- cresylphenyl  ester  of  phenylsulfonimidophosphoric  acid  chloride  was  3.97  g  (94.3%). 

Found:  equiv.  of  acid  during  hydrolysis  1.99,  1.98.  C19H17O4NSPCI.  Calculated:  equiv.  2.00. 

The  m- cresylphenyl  ester  of  phenylsulfonimidophosphoric  acid  chloride  was  obtained  in  a  yield  of 
4.06  g  (96.5%). 

Found:  equiv.  of  acid  on  hydrolysis  2.01,  1.99.  C19H17O4NSPCI.  Calculated:  equiv.  2.00. 

The  yield  of  p- cresylphenyl  ester  of  phenylsulfonimidophosphoric  acid  chloride  was  3.88  g  (92.0%). 

Found:  equiv.  of  acid  during  hydrolysis  1.91.  Ci9Hj704NSPCl.  Calculated:  equiv.  2.00. 

Preparation  of  the  acid  cresylphenyl  esters  of  phenylsulfonamidophosphoric  acid.  20  ml  of  1  N  caustic 
soda  solution  was  added  to  0.01  mole  of  acid  cresylphenyl  ester  chloride  and  the  mixture  was  heated  until  the 
acid  chloride  dissolved.  The  solution  was  filtered  and  acidified  with  hydrochloric  acid  until  there  was  an  acid 
reaction  with  Congo.  The  acid  cresylphenyl  esters  of  phenylsulfonamidophosphoric  acid  came  down  in  the  form 
of  a  viscous  oily  layer  which  gradually  crystallized.  The  precipitate  was  separated  and  well  washed  with  water 
and  dried.  For  purification,  the  product  was  crystallized  from  dilute  alcohol  (65%)  or  carbon  tetrachloride. 

The  yield  of  the  o- cresylphenyl  ester  of  phenylsulfonamidophosphoric  acid  was  3.47  g  (86.1%).  It  readily 
dissolved  in  acetone,  benzene  and  difficultly  —  in  hot  water.  It  was  crystallized  from  alcohol  in  the  form  of 
transparent  fine  prisms,  m.p.  112-114*. 


Found  %:  N  3.48.  Equiv.  0.981,  0.993.  C19HUO5NSP.  Calculated  %:  N  3.47.  Acid  equiv.  1.00. 

The  m- cresylphenyl  ester  of  phenylsulfonamidophosphoric  acid  was  obtained  in  a  yield  of  3.28  g  (81.3%). 
It  was  very  readily  soluble  in  acetone,  chloroform,  alcohol,  benzene,  hot  carbon  tetrachloride  and  difficultly 
soluble  in  hot  water  and  in  cold  carbon  tetrachloride.  From  dilute  alcohol  it  came  down  in  the  form  of  fine 
platelets,  m.p.  117-120*. 


Found:  equiv.  0.979,  0.990.  CuHijOgNSP.  Calculated:  equiv.  1.00. 


The  yield  of  the  p-cresylphenyl  ester  of  phenylsulfonamidophosphoric  acid  was  2,61  g  {G4.5^o).  The  ester 
was  readily  soluble  in  acetone,  alcohol,  benzene,  hot  carbon  tetrachloride  and  in  petroleum  ether.  From  alcohol 
it  came  down  in  the  form  of  platelets  (often  in  the  form  of  regular  hexahedrons),  m.p.  128-129*. 

Found:  equiv.  0.913,  1.02.  C19H1JO5NSP.  Calculated:  equiv.  1.00. 

SUMMARY 

1.  The  acid  chlorides  of  some  partial  aromatic  esters  of  arylsulfonimidophosphoric  acids  were  prepared. 

2.  Some  mixed  partial  aromatic  diesters  of  arylsulfonamidophosphoric  acids  were  prepared. 
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THE  GENERAL  DEFINITION  OF  CHEMICAL  SCIENCE 


(A  DISCUSSION) 

Yu.  A.  Zhdanov 


Is  it  necessary  to  be  concerned  with  the  most  nrecise  definition  of  scientific  concepts  ?  An  affirmative 
reply  to  this  question  is  not  always  given.  There  ^re  some  scientific  workers  who  do  not  consider  it  too  essential. 
It  is  impossible  to  agree  with  such  a  viewpoint.  A  vagueness  in  defining  scientific  ideas  can  lead  to  superfluous 
debates  on  terminology,  to  the  lack  of  indispensable  clarity  in  scientific  thinking,  and  breeds  confusion  during 
discussion.  Also,  it  is  impossible  to  permit  specialists  in  chemistry  to  employ  vague  and  subjective  descriptions 
of  chemistry,  organic  chemistry,  valency,  protein,  etc. 

To  be  sure,  the  problem  is  complicated  by  a  number  of  important  considerations.  Firstly,  in  connection 
with  the  general  development  of  science,  applicability  and  scope  of  the  various  ideas  change.  Secondly, 
nature  fails  to  recognize  any  sharp  metaphysical  boundaries  between  phenomena,  which  leads  to  the  difficulty 
of  sharply  defining  certain  ideas.  Thirdly,  at  times  the  human  mind  does  not  keep  step  with  the  actual  level 
of  science  and  lacks  concepts  that  correlate  the  new  data  of  research  and  practice.  But  all  of  these  difficulties 
do  not  eliminate  the  need  for  achieving  clarity  in  defining  scientific  concepts  and  terminology. 

In  this  connection  it  is  expedient  to  consider  a  certain  lack  of  clarity  that  exists  in  the  general  definition 
of  chemistry  as  a  science.  Chemistry  is  usually  defined  as  a  science  of  substances  and  their  transformations. 
Expressed  in  such  simple  terms,  this  formulation  is  essentially  very  inexact.  As  a  matter  of  fact  the  changes 
in  the  state  of  aggregation  of  bodies,  many  polymorphous  transformations,  radioactive  decomposition,  etc.,  are 
directly  associated  with  the  transformations  of  substances;  however,  they  are  not  within  the  exclusive  jurisdiction 
of  chemistry.  The  inexactness  of  the  presented  definition  is  due  to  the  fact  that  i*  describes,  only  in  general 
terms,  phenomena  that  are  characteristic  of  chemical  activity,  without  discussing  their  nature.  Marx  [1] 
wrote  —  "If  the  phenomena  of  chemistry  and  their  causes  were  the  same,  then  all  science  would  be  superfluous". 
Since  the  phenomena  of  chemical  activity  and  their  causes  are  separate,  the  presented  definition  of  chemistry, 
by  ignoring  this  circumstance,  must  be  called  pragmatic  rather  than  scientific. 

In  defining  chemistry  as  a  science,  we  proceed  from  the  known  definition  given  by  F.  Engels  in  "Dialectics 
of  Nature":  "Chemistry  can  be  called  the  science  of  qualitative  changes  in  bodies,  which  take  place  in  con¬ 
formity  with  changes  in  their  quantitative  composition"  [2].  The  thought  expressed  here  by  Engels  is  confirmed 
by  the  hundreds  of  thousands  of  examples  from  the  domain  of  inorganic  and  organic  chemistry,  where  the  cited 
dialectical  law  manifests  itself  with  astounding  vigor. 

Together  with  this,  the  chemist  cannot  disregard  the  fact  that  the  indicated  definition  fails  to  embrace  the 
numerous  cases  of  isomerism,  shown  for  both  organic  and  inorganic  compounds.  As  a  matter  of  fact,  in  isomeric 
transformations,  the  quantitative  composition  of  substances  fails  to  change,  but  still  they  can  show  decided  dif¬ 
ferences  among  themselves  in  fundamental  and  qualitative  properties. 

To  be  sure,  this  does  not  mean  that  the  general  dialectical  mle  on  the  transition  of  quantitative  changes 
into  qualitative  changes  fails  to  appear  in  isomerization  phenomena.  Engels,  having  indicated  in  his  work 
"Dialectics  of  Nature"  the  manifestation  of  this  dialectical  law  in  homologous  series  of  chemical  compounds, 
stated:  "Besides  the  other,  in  these  series,  the  Hegelian  law  appears  before  us  in  still  another  form.  The  lower 
members  of  the  series  permit  only  a  single  mutual  arrangement  of  the  atoms.  But  if  the  number  of  atoms  com¬ 
bining  in  a  molecule  reaches  a  certain  definite  value  for  each  series,  then  the  grouping  v/ithin  .he  molecule 
can  occur  in  several  ways;  as  a  result,  two  or  several  isomers  can  appear,  that  contain  in  their  molecules  the 
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same  number  of  C,  H  and  O  atoms,  but  at  the  same  time  showing  qualitative  differences  between  themselves. 

We  are  even  in  a  position  to  calculate  the  number  of  like  isomers  possible  for  each  member  of  the  series.  Thus, 
in  the  paraffin  series  there  exist  two  isomers  for  C4H10,  and  three  for  C5H12;  for  the  higher  members,  the  number 
of  possible  isomers  increases  very  rapidly.  As  a  result,  the  number  of  atoms  in  the  molecule  again  determines 
the  possibility  and  also  —  to  the  extent  that  it  is  shown  experimentally  —  the  actual  existence  of  similar  but 
qualitatively  different  isomers"  [3]. 

What  actually  determines  the  possibility  of  several  isomers  existing  by  transformation  ?  As  a  matter  of  fact, 
we  can  depict  the  molecule  as  being  an  externally  closed,  but  internally  disordered,  instantaneously  changing 
conglomerate  of  atoms.  In  such  case  there  could  be  no  discussion  as  to  the  existence  of  isomers,  as  there  fail 
to  be,  for  example,  an  infinite  number  of  stable  revolving  isomers  for  ethane  CHj— CH3,  although  they  could  be 
depicted  as  being  individual  spatial  groupings  of  atoms. 

Where  there  is  an  insufficiently  stable  arrangement  of  the  atoms,  the  theoretically  predicted  isomers  also 
fail  to  appear.  Thus,  amines  of  type  N^iRjRs  have  a  tetrahedral  structure  and  by  analogy  with  carbon  compounds 
of  type  CR1R2R3R4  should  show  optical  isomerism.  Actually  this  is  not  the  case,  since  the  flattened  tetrahedron 
of  such  amines  is  easily  turned  inside  out,  similar  to  an  umbrella: 


The  possibility  for  the  existence  of  different  isomers  becomes  real  as  the  result  of  molecules  possessing  a 
special  property:  a  constant  (stable)  order  of  interaction  for  the  atoms  contained  in  them,  i.e.  stmcture. 

As  is  known,  the  school  of  thought  by  A.  M.  Butlerov  on  the  chemical  structure  of  molecules  was  based  first 
on  the  phenomenon  of  isomerization.  "Not  being  known,  isomers  were  not  studied  —  there  was  no  need  for 
'simcture' ,  but  that  time  has  long  since  passed  ....  "[4]. 

However,  a  structure  is  also  possessed  by  molecules  that  do  not  have  isomers.  Structure  is  a  fundamental 
property  of  molecules,  and  one  of  its  particular  manifestations  is  the  presence  of  isomeric  substances  with  the 
same  chemical  composition.  Chemical  structure  means  first  a  definite  order  of  interaction  for  the  atoms  in 
molecules,  in  which  connection,  as  was  emphasized  by  Butlerov,  the  interaction  is  dynamic.  In  chemistry  the 
specific  form  of  material  motion  appears  as  a  change  in  this  structure  during  chemical  reactions. 

It  is  necessary  to  emphasize  that  chemical  structure  is  not  confined  to  a  spatial  grouping  of  atoms.  The 
doctrine  of  chemical  structure  takes  into  consideration  the  whole  complex  problem  of  the  character  of  atomic 
reactivity  in  molecules,  including  in  this  number  also  the  mutual  influence  of  distant  atoms  and  radicals. 

The  doctrine  of  chemical  structure  was  originally  applied  to  substances  having  a  molecular  structure. 
Butlerov  very  definitely  emphasized  this  fact:  "In  a  word,  I  assert  that  an  understanding  of  chemical  structure 
is  valid  in  all  those  cases  where  a  strict  understanding  prevails  of  the  nature  of  the  chemical  particles  of  sub¬ 
stances.  Together  with  the  latter  it  stands,  and  together  with  the  latter  it  falls.  It  is  impossible  to  extend  the 
concept  of  chemical  stmcture  to  all  substances  without  exception,  just  as  it  is  impossible  to  extend  to  all  of 
them  the  concept  of  chemical  particles"  [Sj. 

The  caution  that  Butlerov  displayed  here  is  fully  explained  by  the  state  of  science  at  the  time.  Now,  in 
connection  with  the  development  of  powerful  methods  of  investigation,  it  has  become  possible  to  study  the 
stmcture  of  bodies  that  are  not  composed  of  separate  molecules.  In  this  category  belong  many  liquid  and  solid 
solutions,  diverse  crystalline  bodies,  polymers,  etc. 

The  successes  achieved  in  the  study  of  the  structure  of  bodies  led  to  the  astonishing  conclusion  that  in 
certain  cases  and  within  certain  limits,  the  quantitative  composition  of  bodies  is  determined  by  the  stmcture. 
From  school  we  are  familiar  with  the  example  of  the  formation  of  iron  sulfide  FcS  from  sulfur  and  iron  as  being 
proof  for  the  validity  of  the  law  of  constant  composition  and  the  law  of  multiple  proportions.  However,  in 
reality,  the  composition  of  iron  sulfide  is  close  to  FejS7  or  Fe^Su.  The  slight  lack  of  iron  is  explained  by  the 
fact  that  some  of  the  positions  in  the  crystalline  lattice  of  the  sulfide  prove  to  be  unoccupied. 
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Numerous  facts  from  the  domain  of  the  chemistry  of  silicates  led  Academician  Fersman  to  the  following 
important  conclusion:  "That  the  lattice  determines  the  most  important  phenomena  of  chemical  composition 
can  be  seen  from  the  fact  that,  for  example,  in  hornblendes  there  exists  a  certain  excess  of  oxygen  with  respect 
to  the  stoichiometric  formula,  which  is  explained  by  the  need  of  supplying  some  unsaturated  bonds  in  the 
metasilicate  chain  when  atoms  of  different  valency  are  substituted;  from  the  purely  chemical  viewpoint  it  is 
quite  evident  that  to  assume  slightly  more  than  3  oxygen  atoms  for  a  compound  of  the  type  of  MgSiOs  is  absurd 
and  a  contradiction  of  the  fundamental  laws  of  chemical  compounds,  and,  in  addition,  the  very  fine  analyses 
of  recent  times  have  shown  that  a  very  slight  excess  of  either  O  or  F  is  present  in  such  compounds  (which, 
because  of  the  closeness  of  the  ionic  radii  of  oxygen  and  fluorine,  is  fully  understandable)"  [6], 

In  some  cases  it  would  seem  that  the  conditions,  imposed  by  the  requirements  of  structure,  essentially 
change  the  fundamental  characteristics  of  atoms.  In  support  of  this  thought,  reference  can  be  made,  for  ex¬ 
ample,  to  the  following  interesting  compounds; 

r  ^5 

Me  V 

9 

In  the  first  case  the  coordination  capacity  of  normally  divalent  oxygen  corresponds  to  that  of  monovalent 
fluorine,  while  in  the  case  of  the  pentachloroosmic  acid  the  role  of  a  monovalent  group  is  played  by  trivalent 
nitrogen. 

At  times  it  would  seem  that  substances,  in  order  to  comply  with  the  requirements  of  structure,  show  strik¬ 
ing  change  in  their  fundamental  properties.  The  enormous  chemical  and  physical  differences  of  such  compounds 
as  H2S,  HCOOH,  CH3OH  are  obvious  to  all.  However,  with  hydroquinone  these  compounds  all  form  crystalline 
products  that  are  very  close  in  properties  and  have  the  same  composition  3CgH4(OH)2'  M,  where  M  is  one  of  the 
mentioned  substances.  The  composition  of  these  (the  so-called  clathrate)  compounds  is  determined  by  the 
structure  of  the  hydroquinone  lattice,  in  the  voids  of  which,  the  same  as  in  a  cell,  the  molecules  of  the  en¬ 
snared  substances  are  held. 

A  large  number  of  compounds  of  variable  composition  (mutable,  as  they  were  called  by  Fersman)  are 
known,  especially  among  the  aluminosilicates  and  polymers,  for  which  the  structure  proves  to  be  the  most 
important  characteristic,  and  an  elucidation  of  structure,  the  most  important  problem.  Here  the  question  is 
complicated  by  the  fact  that  in  many  cases  the  compounds  are  not  composed  of  molecules,  but  of  endless 
linear,  planar  or  spatial  systems,  where  the  same  structural  elements  fail  to  always  show  strict  repetition,  by 
which  the  elements  could  be  placed  in  at  least  some  sort  of  relationship  to  molecules. 

In  an  enormous  number  of  cases  the  structure,  when  compared  with  the  quantitative  composition,  proves 
to  be  the  decisive  factor,  determining  the  most  important  properties  of  substances.  It  is  difficult  to  reduce  to 
a  transition  of  quantitative  changes  into  qualitative  differences,  in  the  properties,  for  example,  of  the  following 
methylchrysenes: 


The  first  substance  is  a  carcinogenic  compound,  while  the  second  is  practically  harmless 

in  this  respect. 

In  this  connection  the  important  statement  made  by  Engels  should  be  borne  in  mind:  "In  physics,  and 
even  more  so  in  chemistry,  not  only  does  constant  qualitative  change  take  place  as  the  result  of  quantitative 
changes,  i.e.  transition  of  quantity  into  quality,  but  it  also  becomes  necessary  to  examine  the  multitude  of 
such  qualitative  changes,  the  causation  of  which  by  quantitative  change  has  completely  failed  to  be  established. 
There  can  be  ready  agreement  with  the  fact  that  the  contemporary  tendency  in  science  moves  in  that  direction, 
but  this  does  not  prove  that  it  is  exclusively  correct  and  that,  following  this  tendency,  we  in  the  end  will  exhaust 
both  physics  and  chemistry"  [7]. 
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Various  physical  disciplines,  other  than  chemistry,  study  the  structure  of  matter;  here  the  operational 
spheres  of  physics  and  chemistry  are  frequently  tightly  interwoven.  At  the  junctions  between  these  sciences 
there  rapidly  develop  intermediate  branches  of  knowledge  (physical  chemistry,  colloid  chemistry,  radiation 
chemistry,  etc.).  Under  the  influence  of  various  external  factors  it  becwnes  possible  to  produce  different 
changes  in  the  state  of  bodies:  to  achieve  luminescence  or  to  erect  a  dipole,  to  endow  molecules  with  a  charge 
or  to  change  the  state  of  aggregation.  However,  if  here  the  structure  of  the  body  fails  to  change,  then  we  still 
find  ourselves  in  the  realm  of  chemistry.  The  transformations  of  atomic  nuclei  lie  outside  the  bounds  of 
chemistry,  although  these  transformations  naturally  lead  to  a  change  in  the  chemical  properties  of  atoms,  and 
consequently  to  a  change  of  their  relationships,  i.e.  to  chemical  reactions. 

Having  given  the  fundamental  characteristic  of  the  chemical  form  of  motion,  Engels  indicated  the  path 
that  should  be  followed  in  searching  for  a  more  complete  definition  of  chemistry  as  a  science.  In  a  letter  to 
Marx  he  states  that  physics  investigates  those  forms  of  material  motion  such  as  heat,  light,  electricity  and 
magnetism,  **and  in  conclusion  finds  that  all  of  them,  with  a  certain  degree  of  intensity  that  changes  for  dif¬ 
ferent  moving  bodies,  produce  effects,  which  go  beyond  the  limits  of  physics,  changing  the  internal  structure 
of  bodies,  i.e.  chemical  effects"  [8].  Here  Engels  quite  clearly  emphasizes  that  chemical  changes  are  chiefly 
a  change  in  the  internal  structure  of  bodies. 

In  accord  with  this  statement,  based  on  the  observation  of  actual  facts  and  confirmed  by  the  whole  grandi¬ 
ose  development  of  knowledge  on  the  structure  of  chemical  compounds,  it  follows  that  the  subject  of  chemistry 
should  be  defined  as  befits  a  science.  Apparently,  chemistry  is  the  science  of  the  qualitative  changes  of  bodies 
that  occur  under  the  influence  of  changes  in  their  quantitative  composition  and  structure. 
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AMINO  ACID  AMIDINES  OF  THE  D I H  Y  D  RO  P  Y  RA  Z I N  E  SERIES 


I.  PREPARATION  FROM  THE  IMINO  ETHER  OF  (O. O-DIBENZYL- 2, 5-DIHYDROPYRAZINE) AMIDINES 


R.  G.  Petrova  and  N.  I.  Gavrilov 


One  of  the  best  methods  for  the  preparation  of  aliphatic  and  aromatic  linear  amidlnes  is  their  synthesis 
by  the  Pinner  method  (1877)  [1],  i.e.  through  the  imino  ethers.  This  method  was  used  in  our  laboratory  by 
A.  N.  Baksheev  [2]  to  obtain  linear  amino  acid  amidines.  These  compounds  are  easily  isolated  from  the  re¬ 
action  mixture  as  picrates.  In  the  free  state  they  are  transformed  into  dark-colored,  poorly  crystallizing  sub¬ 
stances.  Apparently,  these  linear  amidines  were  also  obtained  by  us  in  the  decomposition  of  the  condensation 
products  of  amino  acid  esters  with  Karrer's  imino  ether.  We  used  the  cyclic  iminobenzyl  ether,  obtained  by 
Karrer  and  Granacher  from  the  silver  salt  of  diketopiperazine  and  benzyl  chloride  [3].  The  structure  of  this 
2,5-dihydropyrazine  O-O-dibenzyl  ether  was  shown  by  both  Karrer  and  by  other  investigators  and  remains  un¬ 
disputed  [17,  19,  20].  It  must  be  assumed  that  when  reacted  with  amines  it  is  transformed  into  a  substituted 
amidine  of  the  dihydropyrazine  series. 

With  primary  aliphatic  and  aromatic  amines  the  reaction  of  amidine  formation  went  with  good  yield,  in 
which  connection  the  A.  N.  Baksheev  method  [2]  was  used,  and  specifically,  the  reaction  was  run  in  the  presence 
of  picric  acid.  We  failed  to  obtain  the  amino  acid  amidines,  either  by  the  direct  reaction  of  amino  acids  and 
their  esters  with  Karrer’s  ether  or  by  the  displacement  of  the  formed  aromatic  or  aliphatic  amidine  with  amino 
acid  esters.  However,  we  failed  to  exhaust  all  of  the  possibilities  for  making  the  indicated  reactions  go  in 
the  desired  direction.  The  literature  on  the  conversion  of  imino  ethers  into  amidines  is  reviewed  in  the  mono¬ 
graph  by  Pinner  [7]  (see  also  [1,  2,  4,  7-18]). 

From  the  studies  of  Baksheev,  Drozdov  and  Bekhli  [2,  4]  and  the  earlier  studies  of  Pinner  it  follows  that 
in  preparing  the  amidines  from  imino  ethers  the  yields  are  greater  in  alcohol  than  they  are  in  other  solvents. 
Since  the  2,5-dihydroxydihydropyrazine  0,0-dibenzyl  ether  is  soluble  only  in  chloroform,  we  used  a  mixture 
of  alcohol  and  chloroform  as  the  reaction  medium.  Nevertheless,  even  under  these  conditions  the  reaction 
required  a  long  time. 


EXPERIMENTAL 

1.  Preparation  of  diphenyl-2,5-dihydropyrazineamidlne  dipicrate.  The  reaction  mixture  of  1  g  0,0- 
dibenzyl-2,5-dihydroxydihydropyrazine,  0.63  g  aniline,  1.5  g  picric  acid,  30  ml  anhydrous  methyl  alcohol 
and  20  ml  chloroform  was  agitated  on  a  mechanical  shaker  for  2  weeks.  The  light  brown  transparent  solution 
was  concentrated  in  vacuum  to  low  bulk  without  heating,  and  absolute  ether  was  added  to  the  residue.  The 
yellow  precipitate  was  washed  repeatedly  with  ether  until  all  of  the  picric  acid  had  been  removed.  The  di- 
phenyl-2,5-dihydropyiazineamidine  dipicrate  obtained  was  readily  soluble  in  acetone,  alcohol,  difficultly 
soluble  in  benzene  and  insoluble  in  ether.  It  melted  at  193-193.5*.  Yield  2.35  g  (96 7o).  This  compound  is 
not  described  in  the  literature. 

Found  <7o:  C  46.84,  46.75;  H  3.04,  3.06;  N  19.13,  19.17.  C2, H22O14N10.  Calculated  C  46.54; 

H  3.06;  N  19.38. 

The  dipicrate  of  the  amidine  of  diphenyl-2,5-dihydropyrazine  was  converted  to  the  corresponding  di¬ 
hydrochloride.  20  ml  of  absolute  ether  was  added  to  1  g  of  the  dipicrate  and  a  stream  of  dry  hydrogen  chloride 
was  passed  into  the  reaction  mixture  until  it  had  a  pH  of  2-3.  The  precipitate  was  filtered  off  and  washed  a 
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number  of  times  with  ether  to  remove  the  picric  acid.  It  melted  at  248-250*  (decomp.).  The  dihydrochloride 
of  diphenyl-2,5-dihydropyrazineamidine  was  soluble  in  methyl  alcohol,  dioxane  and  insoluble  in  acetone, 
benzene,  ether  and  chloroform.  It  is  not  described  in  the  literature. 

Found  C  57.26,  57.15;  H  5.46,  5.54;  N  16.83,  16.72.  Ci,Hi,N4Cl2.  Calculated  «|br  C  56.98; 

H  5.31;  N  16.61. 

From  the  ethereal  filtrate  we  isolated  picric  acid;  m.p.  121*  (122.5*  according  to  the  literature  data). 

Preparation  of  dipropyl-2, 5-dihydropyrazineamidine  dipicrate.  It  was  prepared  in  the  same  manner  a« 
the  preceding  compound  from  0.4  g  0,0-dibenzyl-2,5-dihydroxydihydropyrazine,  0.16  g  propylamine,  0,62  g 
picric  acid,  10  ml  methyl  alcohol  and  10  ml  chloroform.  It  melted  at  194-195*.  The  dipicrate  of  dipropyl- 

2. 5- dihydropyrazineamidine  was  readily  soluble  in  methyl  alcohol;  it  was  soluble  in  acetone,  chloroform  and 
insoluble  in  ether.  Yield  0.8  g  (98%).  It  is  not  described  in  the  literature. 

Found  %:  C  40.46,  40.59;  H  4.16,  4.12;  N  21.52,  21.77.  C22H2,Oi4Nio.  Calculated  %:  C  40.37; 

H  3.94;  N  21.47. 

By  the  above -described  method  we  prepared  the  dihydrochloride  of  dipropyl -2, 5 -dihydropyrazineamidine. 
It  melted  at  204-206*.  It  was  soluble  in  acetone,  methyl  alcohol  and  insoluble  in  ether  and  chloroform.  It  is 
not  described  in  the  literature. 

Found  %:  N  20.90,  20,47.  C10H22N4CI2.  Calculated  %:  N  20.80. 

Reaction  of  0,0-dibenzyl-2,5-dihydropyrazine  with  benzylamine.  When  the  0,0-dibenzyl  ether  of  2,5- 
dihydroxydihydropyrazine  was  reacted  with  a  molar  quantity  of  benzylamine  we  obtained  only  the  picrate  of 
benzylamine. 

We  added  0.36  g  benzylamine  in  30  ml  methyl  alcohol  and  0.77  g  picric  acid  to  0.5  g  0,0-dibenzyl- 

2.5- dihydroxydihydropyrazine  in  20  ml  of  dry  chloroform.  The  reaction  mixture  was  agitated  for  about  2  weeks. 
The  slightly  colored  solution  was  concentrared  in  vacuum  to  low  bulk.  The  precipitate  was  filtered  off  and 
washed  with  ether;  it  melted  at  193*  (decomp.). 

The  literature  data  for  the  picrate  of  benzylamine  give  m.p.  195-199*. 

Found  %:  N  16.50,  16.38  (Dumas).  C1JH12O7N4.  Calculated  %:  N  16.60. 

Ether  was  added  to  the  concentrated  filtrate.  The  precipitate  which  formed  proved  to  be  benzylamine 
picrate  by  its  melting  point  range  (189-192*)  and  its  mtrqgen  content.  From  the  picrate  we  prepared  the  hydro¬ 
chloride,  m.p.  about  250*.  The  synthesized  benzylamine  hydrochloride  melted  at  246-250*. 

Found  %:  N  9.59  (Dumas).  C7H10NCI.  Calculated  %;  N  9.74. 

In  the  literature  it  is  mentioned  that  the  reactioh  of  the  imiho  ethers  with  amines  proceeds  belter  when 
the  imino  ethers  possess  greater  tendency  for  ammonization  than  the  amine  component;  therefore,  the  anomalous 
behavior  of  benzylamine  in  reaction  with  the  0,0-dibenzyl  ether  of  2,5-dihydroxydihydropyrazine  can  be  ex¬ 
plained  by  the  strong  tendency  of  benzylamine  to  ammonization.  A  similar  phenomenon  was  observed  by  A.  N. 
Baksheev  [2]  in  the  reaction  of  the  imino  ethers  of  a -amino  acids  with  a  molar  quantity  of  benzylamine.  The 
cited  reactions  in  which  amidines  were  formed  took  place  only  when  3-4  moles  of  benzylamine  were  used. 

Reaction  of  0,0-dibenzyl-2,5-dihydroxydihydropyrazine  with  glycocoll.  It  was  interesting  to  perform 
•  the  coupling  of  0,0-dibenzyl  ether  with  such  a  weakly  ammoniated  base  as  glycocoll.  The  success  of  this 
reaction  would  permit  the  synthesis  of  amidines  of  the  dihydropyrazines  of  the  amino  acids  themselves  and  not 
only  of  their  esters.  However,  the  experiment  we  performed  for  the  condensation  of  the  0,0-dibenzyl  ether  of 

2,5-dihydroxydihydropyrazine  with  glycocoll  in  the  presence  of  picric  acid  not  only  did  not  yield  positive  re¬ 
sults  but  the  presence  of  picric  acid  caused  the  decomposition  of  the  0,0-dibenzyl  ether  of  2,5-dihydroxydi¬ 
hydropyrazine  to  glyccll.  The  reaction  resulted  in  isolating  the  picrate  of  glycocoll  and  the  picrate  of  the 
methyl  ester  of  glycocoll.  It  is  worth  noting  that  the  esterification  of  glycocoll  in  the  presence  of  such  a  weak 
acid  as  picric  resulted  in  our  obtaining  the  picrate  of  the  methyl  ester  of  glycocoll. 

The  reaction  mixture  of  1  g  0,0-dibenzyl  ether,  0.5  g  glycocoll,  1.8  g  picric  acid,  30  ml  of  methyl 
alcohol  and  15  ml  chloroform  was  mechanically  agitated  for  a  month.  The  precipitate  was  washed  with  ether, 
acetone;  it  melted  at  189**. 
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Found  fo:  C  31.54,  31.64;  H  3.54,  2.84;  N  18.63,  18.51.  C8Hg09N4.  Calculated  C  31.57;  H  2.65; 

N  18.42. 

The  analytical  data  and  the  melting  point  of  the  isolated  compound  showed  it  to  be  the  picrate  of 
glycocoll  (m.p.  190*  [21]). 

From  0.1  g  of  the  picrate  we  prepared  the  hydrochloride.  It  melted  at  182*  (according  to  the  literature 
data  [22],  its  melting  point  is  184*). 

Upon  titration  of  the  prepared  hydrochloride  (Willstatter),  a  weighed  portion  of  0.370  g  consumed  6.6  ml 
of  0.1  N  alcoholic  NaOH  which  corresponded  to  24.96%  amino  nitrogen.  But  since  the  hydrochloric  acid  as  well 
as  carboxyl  were  titrated  with  the  alcoholic  alkali,  the  amino  nitrogen  content  was  therefore  12.48%.  This 
figure  was  in  full  agreement  with  the  total  nitrogen  content  determined  in  the  same  weighed-out  portion. 

Found  %:  N  12.50.  C2H5O2NCI.  Calculated  %:  N  12.56. 

The  alcohol- chloroform  filtrate  from  the  precipitate  was  concentrated  in  vacuum  to  low  bulk.  The  pre¬ 
cipitate  which  came  down  was  washed  with  ether,  dissolved  in  a  small  quantity  of  alcohol  and  precipitated  with 
ether.  The  prepared  picrate  of  the  methyl  ester  of  glycocoll  melted  at  147*. 

Found  %:  N  17.80,  17.48,  C9H10O9N4.  Calculated  %:  N  17.60. 

From  the  picrate  of  the  methyl  ether  of  glycocoll,we  isolated  the  hydrochloride  of  the  methyl  ester  of 
glycocoll,  m.p.  172*  (the  literature  data  gave  m.p.  174*  [23]), 

Found  %:  N  11.2  (Willstatter).  CSH8O2NCI.  Calculated  %:  N  11.15. 

The  literature  [6]  notes  the  possibility  of  the  interchange  of  the  groups  present  in  the  amidines.  On  the 
basis  of  this,  we  attempted  to  replace  the  phenyl  group  in  the  dipicrate  of  the  amidine  of  diphenyl-2,5-dihydro- 
pyrazine  with  an  amino  acid  residue. 

0.3  g  diphenyl-2,5-dihydropyrazineamidine  dipcrate  was  mixed  with  0.4  g  of  the  methyl  ester  of  tyrosine, 
40  ml  absolute  ether  was  added  to  the  mixture  and  the  reaction  mixture  was  stirred.  After  several  minutes,  a 
fluffy  yellow  precipitate  came  down.  The  mixture  was  stirred  for  several  hours  more.  The  precipitate  was 
treated  with  methyl  alcohol  and  the  filtrate  was  settled  with  ether.  The  isolated  compound  was  dried  in  a 
vacuum-desiccator.  It  melted  at  182*  (decomp.).  It  gave  a  positive  anhydride  reaction;  the  reaction  for  tyrosine 
was  negative.  The  compound  isolated  proved  to  be  diphenyl-2,5-dihydropyrazineamidine  monopicrate. 

Found  %:  C  53.45,  53.39;  H  4.16,  4.23;  N  19.83,  19.85.  C22H19O7N7.  Calculated  %:  C  53.55;  H  3.85; 

N  19.87. 

The  compound,  which  was  insoluble  in  methyl  alcohol,  gave  a  positive  reaction  for  tyrosine;  after  treat¬ 
ment  with  warm  benzene  and  drying  in  a  vacuum-desiccator,  it  melted  at  142*  (decomp.);  it  proved  to  be  the 
picrate  of  the  methyl  ester  of  tyrosine. 

Found  %;  N  13.07,  12.92.  C16H1JO10N4.  Calculated  %:  N  13.20. 

From  the  ethereal  filtrate  from  the  initial  precipitate,  we  isolated  the  initial  methyl  ester  of  tyrosine 
which  was  identified  in  the  form  of  its  hydrochloride;  it  melted  at  184*.  The  synthesized  hydrochloride  of  the 
methyl  ester  of  tyrosine  melted  at  185*.  A  mixture  test  gave  no  depression. 

The  experiment  performed  showed  that  under  the  conditions  chosen,  only  a  redistribution  of  the  picric 
acid  occurred  which  resulted  in  the  formation  of  diphenyl- 2,5-dihydropyrazineamidine  monopicrate  and  the 
picrate  of  the  ester  of  tyrosine.  However,  this  experiment  did  not  exclude  the  possibility  of  performing  the 
above  reaction  with  the  formation  of  the  amidine  of  dihydropyrazine  with  an  amino  acid  residue  instead  of  a 
phenyl  group.  The  success  of  the  reaction  of  the  0,0-dibenzyl  ether  of  2,5-dihydroxydihydropyrazine  with 
amines  encouraged  us  to  attempt  to  prepare  the  corresponding  amino-acid  amidines  by  the  indirect  reaction  of 
the  0,0-dibenzyl  ether  of  dihydropyrazine  and  the  esters  of  amino  acids.  Our  primary  object  of  investigation 
was  the  hydrochloride  of  the  ethyl  ester  of  glycocoll. 

Reaction  of  0,0-dibenzyl-2,5-dihydroxydihydropyrazine  with  the  hydrochloride  of  the  ethyl  ester  of 
glycocoll.  a)  At  room  temperature.  The  reaction  mixture  of  3  g  0,0-dibenzyl-2,5-dihydroxydihydropyrazine, 
2.85  g  hydrochloride  of  the  ethyl  ester  of  glycocoll,  50  ml  of  chloroform  and  30  ml  anhydrous  ethyl  alcohol  was 
mechanically  agitated  for  a  week.  The  colored  solution  was  concentrated  in  vacuum,  ether  was  added  and  the 
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faintly  colored  precipitate  that  came  down  was  filtered  off.  An  attempt  to  remove  the  color  by  dissolving  the 
precipitate  in  acetomethyl  ether  and  by  heating  the  solution  with  bone  charcoal  proved  unsuccessful.  The 
product  was  decolorized  by  repeatedly  dissolving  the  precipitate  in  methyl  alcohol  and  precipitating  it  with 
ether  (half  of  the  product  was  so  treated);  it  gave  a  marked  anhydride  reaction  and  the  ninhydrin  and  biuret 
reactions  were  negative. 

Found  <1o:  NHj  1.1  (Willstatter);  N  15.57  (Kjeldahl).  Ci2H2o04N4.  Calculated  NHj  0.0;  N  15.68. 

After  repeated  treatment  of  the  compound  with  methyl  alcohol  and  precipitation  with  ether,  it  decomposed 
into  diketopiperazine  and  the  hydrochloride  of  the  ester  of  glycocoll.  The  properties  of  the  product  and  analysis 
for  nitrogen  showed  it  to  be  probably  the  hydrochloride  of  the  amidine  of  the  diglycyldiethyl  ether  of  dihydro- 
pyrazine. 

b)  With  heating.  To  accelerate  the  reaction  of  the  0,0-dibenzyl  ether  of  dihydropyrazine  and  the 
hydrochloride  of  the  ester  of  glycocoll,  the  reaction  was  performed  at  an  elevated  temperature  and  resulted 
in  a  product  that  darkened  rapidly  in  air  and  deliquesced  into  a  resinous  mass. 

When  a  solution  of  2.5  g  of  the  0,0-dibenzyl  ether  in  chloroform  was  mixed  with  an  alcoholic  solution 
of  2.4  g  of  the  hydrochloride  of  the  ethyl  ester  of  glycocoll,  the  initial  substances  precipitated  out.  The  re¬ 
action  mixture  was  heated  at  50-70*  for  several  hours  and  after  only  a  half  hour,  the  precipitate  dissolved. 

When  ether  was  added,  a  precipitate  came  down  which  was  filtered  off  (carefully  shielded  from  the  moisture 
of  the  air),  washed  several  times  with  ether  and  dried  in  a  vacuum-desiccator. 


Found  C  38.85,  38.65;  H  6.36,  6.23;  N  16.03,  15.20.  Ci2H2405N4Cl2.  Calculated  C  38.40; 
H  6.40;  N  14.93. 


Microscopic  examination  of  the  crystalline  structure  of  the  product  showed  that  it  differed  from  the  usual 
amidine  hydrochloride  and  probably  was  a  tautomer  in  which  hydrogen  was  absent  at  the  nitrogen  of  the  diketo¬ 
piperazine.  We  could  not  perform  biuret  and  anhydride  tests  due  to  the  tendency  of  the  product  to  color  alkaline 
solutions  a  dark  red.  When  the  product  was  titrated  (Willstatter)  it  further  decomposed  as  indicated  by  the 
increased  acidity  of  the  solution  as  titration  progressed.  Judging  from  the  properties  of  the  product,  it  is  dif¬ 
ficult  to  assign  it  the  structure  of  the  usual  dihydropyrazine  amidine.  It  is  probable  that  in  the  course  of  re¬ 
action  of  the  0,0-dibenzyl  ether  of  2,5-dihydroxydihydropyrazine  and  the  hydrochloride  of  the  ethyl  ester 
of  glycocoll,  the  chain  broke  with  the  consequent  formation  of  a  linear  amidine  similar  to  that  prepared  by 
A.  N.  Baksheev. 
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The  work  of  A.  N.  Baksheev  proved  that  the  linear  amidines  of  the  amino  acids  with  an  unsubstituted 
amino  group  adjacent  to  the  methylene  group  are  noted  for  their  slight  stability  in  aqueous  and  alcoholic 
solutions,  especially  alkaline,  which  causes  their  initially  colorless  solutions  to  become  colored. 

The  reaction  took  a  similar  course  when  the  0,0-dibenzyl  ether  of  2,5-dihydroxydihydropyrazine  reacted 
with  the  methyl  ester  of  tyrosine  in  the  presence  of  picric  acid. 

Reaction  of  0,0-dibenzyl-2,5-dihydroxydihydropyrazine  with  the  methyl  ester  of  tyrosine.  The  reaction 
mixture  of  0.5  g  of  0,0-dibenzyl  ether,  0.66  g  of  the  methyl  ester  of  tyrosine,  0.77  g  of  picric  acid,  30  ml  an¬ 
hydrous  methyl  alcohol  and  20  ml  of  chloroform  was  mechanically  agitated  at  room  temperature  for  2  weeks. 
The  alcohol -chloroform  solution  was  concentrated  in  vacuum  and  ether  was  added  to  the  residue.  The  residue 
was  washed  repeatedly  with  ether,  in  absence  of  atmospheric  moisture.  The  remaining  solvent  was  removed  in 
a  vacuum -desiccator. 

Found  C  45.48,  45.59;  H  3.83,  3.73;  N  15.06,  14.98;  NH2  2.78,  3.05  (Van  Slyke).  CS4H34O21N10. 
Calculated  C  45.76;  H  3.81;  N  14.83;  NH2  2.72. 
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The  picrate  formed  by  the  reaction  rapidly  converted  to  a  dark  greasy  mass.  Analysis  and  the  amino 
nitrogen  determination  (according  to  Van  Slyke)  indicated  the  formation  of  a  picrate  of  a  linear  amidine  as  a 
result  of  the  decomposition  of  the  initial  addition  product  of  the  0,0-dibenzyl  ether  of  2,5-dihydroxydihydro- 
pyrazine  and  the  methyl  ester  of  tyrosine  (by  a  reaction  similar  to  the  one  mentioned  in  the  previous  section). 

(j:OOCHj 

NHCHCH2C,H40H 

NHiCHjC^ 

^NCHsC0NHCHCH2C4H40H 

COOCH3 

Reaction  of  0,0-dibenzyl-2,5-dihydroxydihydropyrazine  with  phthalylglycine  acid  chloride.  In  view  of 
the  fact  that  the  0,0-dibenzyl  ether  of  2,5-dihydroxydihydropyrazine  behaves  differently  with  respect  to  the 
amine  group  of  amino  acids  and  amines,  it  was  decided  to  determine  its  ability  to  form  N-substituted  derivatives. 
With  this  purpose,  the  0,0-dibenzyl  ether  of  2,5-dih^droxydihydropyrazine  was  reacted  with  phthalylglycine 
acid  chloride  and  we  obtained  N,N'-diphthalylglycyldiketopiperazine,  previously  synthesized  from  diketo- 
piperazine  and  phthalylglycine  acid  chloride. 

1  g  0,0-dibenzyldihydropyrazine  was  carefully  mixed  by  trituration  with  1.42  grams  of 
phthalylglycine  acid  chloride.  20  ml  xylene  was  added  to  the  reaction  mixture  which  was  then  heated  on  a 
water  bath  for  3  hours  and  0.5  hour  at  the  boiling  point  of  the  solvent  (110*).  The  precipitate  was  filtered  off 
and  washed  several  times  with  alcohol  and  ether;  the  melting  point  of  diphrhalylglycyldiketopiperazine  was 
about  385*  [6]  (decomp.).  It  gave  a  positive  anhydride  reaction  and  a  biuret  reaction  of  the  tripeptide  type. 

Found  C  58.85,  58.79;  H  3.46,  3.61;  N  11.44,  11.46.  C24Hi40,N4.  Calculated  C  59.0;  H  3.28; 

N  11.47. 


SUMMARY 

1.  It  was  established  that  in  the  reaction  of  the  0,0-dibenzyl  ether  of  2,5-dihydroxydihydropyrazine  with 
amines  the  formation  of  amidine  picrates  of  the  dihydropyrazine  series  proceeds  in  nearly  quantitative  yield. 
Reaction  of  the  latter  with  hydrogen  chloride  gave  the  corresponding  amidine  hydrochlorides.  As  a  result  we 
obtained:  the  diphenyl- 2, 5 -dihydropyrazineamidine  dipicrate,  the  diphenyl-2,5-dihydropyrazineamidine  di¬ 
hydrochloride,  the  di-2,5-dihydropyrazineamidine  dipicrate  and  the  dipropyl-2,5-dihydropyrazineamidine  di¬ 
hydrochloride,  all  of  them  previously  unknown. 

2.  The  reaction  of  0,0-dibenzyl-2,5-dihydroxydihydropyrazine  with  the  esters  of  glycine  and  tyrosine 
gives  linear  polypeptide  amidines.  The  formation  of  the  latter  is  possible  only  as  the  result  of  asymmetric 
cleavage  of  the  dihydropyrazine  amino  acid  anradines  obtained  as  intermediates  in  this  reaction,  which  is  also 
supported  by  the  isolation  (when  glycine  is  used  in  the  reaction)  of  diketopiperazine  and  the  glycine  ester. 

3.  An  attempt  to  replace  the  phenyl  groups  in  the  amidine  picrate  of  diphenyl-2,5-dihydropyrazine  with 
the  tyrosine  radical  for  the  purpose  of  obtaining  an  amino  acid  amidine  proved  unsuccessful. 

4.  The  previously  unknown  diphenyl-2,5-dihydropyrazineamidine  monopicrate  was  synthesized. 

5.  The  reaction  of  the  acid  chloride  of  phthalylglycine  with  0,0-dibenzyldihydropyrazine  gave  N,N*- 
diphthalylglycyldiketopiperazine  [6]. 
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N APHTHOFUROX AN 


V.  SULFONATION  AND  CHLORINATION  OF  NAPHTHOFUROXAN 
S.  V.  Bogdanov  and  I,  N.  Koroleva 


The  structure  of  benzofurazan  and  benzofuroxanr is  usually  depicted  by  ortho -quinoid  formulas;  in  addition, 
the  unsymmetrical  structure  of  the  furoxan  ring  is  accepted  for  benzofuroxan.  In  the  opinion  of  Hammick  and 
coworkers  [1],  the  proof  for  the  quinoid  structure  of  benzofuroxan  and  benzofurazan  is  the  ability  of  these  com¬ 
pounds  to  each  add  4  atoms  of  bromine.  The  attempt  of  Gaughran  and  coworker  [2]  to  obtain  a  symmetrical 
difuroxan,  containing  furoxan  cycles  in  the  1,2  and  4,5 -positions  of  the  benzene  ring,  was  unsuccessful.  The 
authors  considered  this  as  confirmation  of  the  quinoid  structure  for  benzofuroxan. 

In  connection  with  the  question  of  the  structure  of  furoxan  derivatives  it  appeared  of  interest  to  compare 
the  behavior  of  1,2-naphthofuroxan  and  1,2-naphthofurazan  in  direct  substitution  reactions.  As  was  mentioned 
earlier  [3],  in  the  sulfonation  and  chlorination  of  1,2-naphthofurazan  the  substitution  is  mainly  in  the  3  position, 
i.e.  it  leads  respectively  to  1,2 -naphthofurazan-3 -sulfonic  acid  and  3-chloro-l,2-naphthofurazan.  Nitration 
gives  mainly  the  5-  and  7-nitro-l,2-naphthofurazans.  The  direct  substitution  of  1,2-naphthofuroxan  has  been 
studied  but  slightly.  Its  nitration  by  Green  and  Rowe  [4]  gave  dinitro  compounds  (presumably  4,5 -dinitro -1,2- 
naphthofuroxan). 

We  ran  some  experiments  on  the  sulfonation  and  chlorination  of  1,2-naphthofuroxan.  Sulfonation  with 
weak  oleum  at  20®  gave  a  mixture  oi  sulfonic  acids,  from  which  the  l,2-naphthofuroxan-3.-sulfonic  acid  (I) 
was  isolated  in  53 -60% yield.  The  chlorination  of  1,2-naphthofuroxan  with  chlorine  in  sulfuric  acid  solution 
at  25®  gave  a  mixture  of  reaction  products,  from  which  the  3-chloro-l,2-naphthofuroxan  (II)  was  isolated  in  30% 
yield. 

The  structure  of  the  sulfonic  acid  was  established  by  its  conversion  into  l,2-naphthylenediamine-3 -sulfonic 
acid,  and  then  into  1,2 -naphthoselenodiazole -3 -sulfonic  acid  (III),  and  comparing  the  latter  with  the  analogous 
substance,  obtained  from  1-naphthylamine -3 -sulfonic  acid  through  2-(4*-nitrophenylazo)-l-naphthylamine-3- 
sulfonic  acid. 

The  structure  of  the  chloronaphthofuroxan  was  shown  by  its  comparison  with  the  chloro  derivative,  obtained 
by  the  treatment  of  l,2-naphthofuroxan-3 -sulfonic  acid  with  potassium  hypochlorite  and  hydrochloric  acid. 
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The  similarity  in  the  behavior  of  1,2-naphthofuroxan  and  1,2-naphthofurazan  during  sulfonation  and 
chlorination  supports  the  analogy  in  the  structure  of  their  naphthalene  nuclei!.  Whereas  for  the  unsubstituted 
benzofuroxan  only  one  formula  with  an  unsymmetrical  structure  for  the  furoxan  cycle  is  possible,  the  structure 
of  1,2-naphthofuroxan  can  be  depicted  by  two  formulas:  with  an  oxygen  atom  on  the  nitrogen,  linked  to  the 
first  carbon  atom  of  the  naphthalene  cycle  (A),  and  with  an  oxygen  atom  on  the  nitrogen,  attached  to  the  second 
carbon  atom  of  the  naphthalene  ring  (B). 
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...  The  question  as  to  the  structure  of  1,2-naphthofuroxan  and  its  derivatives  requires  special  study,  for  which 
reason  a  symmetrical  structure  was  tentatively  assumed  for  the  furoxan  ring  in  the  formulas  of  1,2-naphthofuroxan- 
3-sulfonic  acid  and  3 -chloro -1,2-naphthofuroxan. 

EXPERIMENTAL 

1 . 2 - N a phthofuroxan.  It  was  prepared  by  the  oxidation  of  the  1,2 -naphthoquinone  dioxime  of  nitric  acid. 

15i23  g  unpurified  naphthoquinone  dioxime  prepared  from  0.09  mole  of  the  sulfite  compound  of  1,2-naph  - 
thoquinone  dioxime  [5]  was  dissojved  in  110  ml  of  caustic  potash.  Into  150  ml  22.5%  nitric  acid,  heated  to 
65-70*,  the  filtered  solution  was  run  in  the  course  of  0.5  hour  and  the  mixture  was  held  at  90*  for  15  minutes. 

The  naphthofuroxan  pwecipitate  was  filtered  off  and  washed  with  water;  the  yield  was  12.87  g  (76.9%;  on  the 
sulfite  compound  of  naphthoquinone  dioxime),  m.p.  121-123".  It  was  in  the  form  of  colorless  needles  (from 
alcohol);  m.p.  124-125*. 

1,2 “Naphthofuroxan -3 -sulfonic  acid.  6.4  ml  62%  fuming  sulfuric  acid  was  run  in  the  course  of  0.5  hour 
into  a  solution  of  7.44  g  of  naphthofuroxan  in  28  ml  of  the  monohydrate  at  20*  and  the  mixture  was  held  at  the 
same  temperature  for  3  hours.  The  sulfo-mass  was  diluted  with  500  g  of  ice,  the  warmed  solution  was  neutralized 
with  chalk  and  the  gypsum  was  filtered  off  and  washed  with  hot  water.  The  calcium  salt  of  the  sulfonic  acid 
which  came  down  from  the  main  filtrate  was  filtered  off,  dissolved  in  300  ml  of  hot  water  and  the  calcium  was 
precipitated  with  soda.  Upon  cooling  the  filtrate,  4.72  g  of  the  sodium  salt  of  the  sulfonic  acid  separated  out. 

The  wash  waters  from  the  gypsum  together  with  the  filtrate  from  the  calcium  salt  were  evaporated  down  and  the 
calcium  was  precipitated  with  soda.  Upon  evaporating  down  the  obtained  solution  of  the  sodium  salt  and  the  fil¬ 
trate  from  the  precipitated  sodium  salt  to  100  ml,  1.8  g  more  .of  the  sodium  salt  of  the  sulfonic  acid  separated - 
out;  total  yield  6.52  g  (53.2%).  On  further  evaporation  a  non-crystallizable  gelatinous  mass  formed. 

Upon  repetition  of  the  experiments  using  7.44,  3.72  and  28.86  g  of  naphthofuroxan,  we  obtained  corresponding 
ly  6.7,  3.7  and  26.4  g  of  the  sodium  salt  of  the  sulfonic  acid  (54.7,  60.4  and  55.6%  correspondingly). 

The  sodium  salt  was  in  the  form  of  colorless  platelets  (from  water),  quite  difficulty  soluble  in  water  and 
alcohol. 

Found  %:  H,0  6.17;  Na  7.94.  CioHsOjNiSNa-.HiO.  Calc:  %:  HjO  5.89.  CioHsOjNjSNa. 

Calculated  %c  Na  7.98. 

The  sulfochloride  was  in  the  form  of  colorless  prisms  (from  carbon  tetrachloride),  difficulty  soluble  in 
benzene,  chlorobenzene,  carbon  tetrachloride  and  dichloroethane;  m.p.  221*  (decomp.). 

Found  %:  N  9.71;  Cl  12.36.  CioH504N2SCl.  Calculated  %;  N  9.84;  Cl  12.46. 

1.2- Naphthoselenodiazole -3 -sulfonic  acid,  a)  From  1,2 -naphthofuroxan -3 -sulfonic  acid.  The  reduction 
of  l,2-naphthofuroxan-3 -sulfonic  acid  was  performed  the  same  as  the  reduction  of  l,2-naphthofuroxan-4 -sul¬ 
fonic  acid  with  zinc  dust  and  hydrochloric  acid  in  the  presence  of  stannous  chloride  [6].  From  7.7  g  of  the  sodium 
salt  of  the  sulfonic  acid  we  obtained  3.8  g  of  l,2-n9phthylenediamine-3 -sulfonic  acid. (long  colorless  needles). 

1.2- Naphthoselenodiazole-3-sulfonic  acid  was  prepared  by  the  action  of  selenium  dioxide  on  1,2-naph- 
thylenediamine -3 -sulfonic  acid  as  described  for  the  case  of  1,2-naphthoseleneodiazole -4 -sulfonic  acid  [7], 

From  4.04  g  of  the  diamino  compound  we  obtained  5.8  g  of  the  sodium  salt  of  naphthoselenodiazolesulfonic  acid. 

The  sodium  salt  was  in  the  form  of  colorless  prisms  (from  water),  fairly  readily  soluble  in  water  and  in¬ 
soluble  in  alcohol;  it  colored  yellow  from  methyl  alcohol. 
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Found  “yo:  H2O  9.59;  Na  6.78.  CioH505N2SeSNa  •  2H2O.  Calculated  H2O 

9.70.  CxoH503N2SeSNa.  Calculated  Na  6.86. 

The  sulfochloride  was  in  the  form  of  colorless  prisms  (from  chlorobenzene);  m.p.  230*  (decomp.). 

b)  From  2 -(4  '  -nitrophenylazo)-l-naphthylamine -3 -sulfonic  acid.  The  azo  compound  was  pre¬ 
pared  by  coupling  1-naphthylamine -3 -sulfonic  acid  with  p-nitrodiazobenzene  [8].  Cleavage  of  the  azo 
compound  was  performed  with  zinc  dust  in  a  4‘^  solution  of  sodium  chloride  in  the  presence  of  copper  sul¬ 
fate  [9]:  1,2 -naphthylenediamine -3 -sulfonic  acid  was  reprecipitated  from  sulfite -soda  solution. 

The  sodium  salt  of  naphthoselenodiazolesulfonic  acid  was  in  the  form  of  colorless  prisms  (from 
water). 

Found  %•.  H2O  9.79;  Na  (in  the  dry  substance)  6.81. 

The  sulfochloride  was  in  the  form  of  color les' prisms  (from  chlorobenzene);  m.p.  229.5“  (decomp.). 
The  mixture  of  the  sulfochlorides  melted  at  229.5“  (decomp.). 

3 -Chloro-l,2-naphthofuroxan.  a)  From  1,2  -fiaphthofuroxan.  Chlorine  was  passed  into  a  solution  of  23.3 
g  of  naphthofuroxan  in  200  ml  of  95.5*^  sulfuric  acid  at  25*  in  the  course  of  2  hours  until  a  4.4  g  weight 
addition.  The  reaction  mass  was  poured  on  ice,  the  precipitated  chloro  derivative  was  filtered  off  and  washed 
with  water,  alcohol  and  ether;  the  yield  was  27.3  g,  melting  range  114-128*,  and  after  4  crystallizations 
from  carbon  tetrachloride,  the  yield  of  the  compound  was  8.5  g  (30.8‘5fc):  m.p.  145.5-146.5*. 

It  was  in  the  form  of  colorless  needles  (from  carbon  tetrachloride),  readily  soluble  in  acetic  acid, 
acetone  and  carbon  tetrachloride,  and  difficulty  soluble  in  ether. 

Found  C  54.44;  H  2.02;  Cl  16.14.  CioH502N2Cl.  Calculated  C  54.44; 

H  2.28;  Cl  16.07. 

bl  From  1.2-naphthfuroxan-3 -sulfonic  acid.  A  solution  of  7.35  g  calcium  chlorate  in  100  ml  of 
water  was  run  into  a  boiling  solution  of  6.12  g  of  the  sodium  salt  of  naphthofuroxansulfonic  acid  in 
350  ml  of  hydrochloric  acid  in  the  course  of  3  hours,  and  boiling  was  continued  for  1  hour  more. 

Upon  cooling,  the  chloro  derivative  was  filtered  off  and  washed  with  water;  its  yield  was  1.5  g,  melt¬ 
ing  range  139-143*.  It  was  in  the  form  of  colorless  needles  (from  carbon  tetrachloride),  m.p.  145.5- 
146.2*. 

Fou.nd  C  54.48;  H  2.05;  Cl  15.85. 

The  mixture  of  the  chloro  derivatives  melted  at  145.5-146.2*. 

SUMMARY 

1.  1,2 -Naphthofuroxan -3 -sulfonic  acid  was  isolated  from  the  products  obtained  in  the  sulfona- 
tion  of  1,2 -naphthofuroxan  with  weak  oleum  at  20*. 

2.  3 -Chloro -1,2 -naphthofuroxan  was  isolated  from  the  products  obtained  in  the  chlorination  of  1,2- 
naphthofuroxan  with  chlorine  in  sulfuric  acid  and  from  the  products  obtained  in  the  chlorination  of  1,2- 
naphthofuroxan -3 -sulfonic  acid  with  potassium  hypochlorite  in  hydrochloric  acid. 

3.  The  direction  of  substitution  in  the  chlorination  and  sulfonation  of  1,2 -naphthofuroxan  supports 
the  opinion  that  the  structures  of  the  naphthalene  nuclei  in  1,2 -naphthofuroxan  and  1,2-naphthofurazan 
are  the  same. 
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SYNTHESIS  OF  T  RI  A  L  K  Y  LSI  L  A  N  E  PH  OS  PHORIC  ACIDS 


K.  A.  Andrianov,  B.  N.  Rutovsky  •  and  A.  A.  Kazakova 


Organic  silicophosphorus  compounds  have  received  but  slight  illumination  in  the  literature,  despite 
the  fact  that  they  represent  definite  interest  both  in  theory  and  in  practice.  The  diethyl  ester  of  triethyl- 
phosphonosilane,  prepared  by  the  reaction  of  trieth^l  bromosilane  with  triethyl  phosphite,  has  been  described 
in  the  literature  [1].  Later,  in  studying  a  similar  reaction  [2],  it  was  postulated  that  a  compound  having  the 
formula  (C2H5)sSiP(=0)  [OSi(C|H5)j]OC2Hs  was  formed. 

The  aromatic  silicon -containing  phosphorus  derivatives:  tris(p-trimethylsilylphenyl)phosphine,  bis(p- 
trimethylsilylphenyl)chlorophosphi.ne,  tris(p-trimethylsilylphenyl)phosphine  oxide  and  bis(p-trimethyl- 
silylphenyl)phosphinic  acid  —  were  isolated  in  the  reaction  of  p-trimethylsilylphenylmagnesium  bromide 
with  phosphorus  tri-  or  pentachloride  [3]. 

Chemical  reaction  occurs  in  the  condensation  of  polydiethylsiloxanes  with  P^Os  to  give  complex 
organic  silicophosphorus  compounds  [4]. 

Phosphorus  compounds  are  used  as  additives  in  the  preparation  of  polydimethylsiloxane  elastomers 
[5]  and  various  organosilicon  resins  [6].  Up  to  now  there  fail  to  exist  in  the  literature  any  definite  state - 

I  I 

ments  on  the  preparation  of  monomeric  organosilicon  compounds  having  the  -Si-0-P=  bond. 

I  I 

In  studying  the  reaction  of  trialkylchlorosilanes  with  potassium  dihydrogen  phosphate  we  established 
[7]  that  trialky Isilanephosphoric  acids  are  formed  by  the  following  scheme  as  a  result  of  this  process: 

RjSiCl  +  KH,P04  R,SiOPO(OH),  +  KCl. 

This  reaction  proceeds  in  diethyl  ether  medium  in  80-90‘^fc  yield,  and  in  either  benzene  or  xylene 
medium  in  11 -12*70  yield. 

Of  the  trialkylchlorosilanes  we  took  trimethylchlorosilane  and  triethylchlorosilane.  When  reacted 
we  obtained  here  trimethy Isilanephosphoric  acid,  being  colorless  crystals  with  m.p.66.0-66.5*,  and 
triethy Isilanephosphoric  acid  -  a  viscous,  pale  yellow  liquid,  failing  to  distill^  vacuo  and  decomposing 
when  heated  above  200*. 

It  was  experimentally  shown  that  the  obtained  compounds  are  easily  hydrolyzed  by  water  to  give 
the  hexaalkyldisiloxane  and  phosphoric  acid: 

2R,SiOPO(OH)2  +  HjO  RjSiOSiRj  +  2HJPO4. 

E  XPERIMENTAL 

Trimethylsilanephosphoric  acid.  162.9  g  (1.5  mole)  trimethy lchlorosilane(b.p.  56-58*,  chlorine  con¬ 
tent  34.1*70)  and  204.2  g  (1.5  mole)  potassium  dihydtogen  phosphate  and  solvent  amounting  to  100*7oof  the 
weight  of  chloride  were  placed  in  a  3 -necked  flask  fitted  with  oil  sealed  stirrer,  thermometer  and  con¬ 
denser  with  calcium  chloride  tube.  The  reaction  was  performed  at  20-22*  with  stirring  for  5  hours.  After 
the  inorganic  precipitate  was  separated  off,  the  filtrate  was  driven  off  in  vacuum  at  a  residual  pressure  of 
1-2  mm.  After  the  vilvenr  was  driven  off  with  unreacted  trimethylchlorosilane,  the  residue  was  in  the  form 
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of  a  viscous  liquid  which  crystallized  upon  standing.  After  recrystalhzation  from  benzene,  we  isolated 
pure  crysuls  of  trimethylsilanephosphoric  acid.  m.p.  66.0-66.5*. 

Found  Si  16.2;  P  18.5;  OH  21.69.  CjHiASiP.  Calculated  oJk  Si  16.4;  P  18.05; 

OH  19.80. 

Triethylsilanephosphoric  acid  was  synthesized  by  the  same  scheme  from  225.8  g  (1.5  mole)  triethyl- 
chlorosilane  (b.p.  143-144*,  chlorine  content  23.55'^(>)  and  204.2  g(1.5  mole)  potassium  di hydrogen  phos¬ 
phate.  The  reaction  yielded  a  viscous  liquid  of  a  straw -yellow  color.  Upon  long  standing  at  room  tempera¬ 
ture  and  also  cooling  or  heating,  it  did  not  crystallize.  The  liquio,  'riethylsilanephosphoric  acid,  was 
non -distilling  and  decomposed  above  200*. 

Found  o}k  Si  13.72;  P  15.1;  OH  16.87.  CeH„B4SiP.  Calculated  Si  13.20; 

P  14.5;  OH  16.05. 

Hydrolysis  of  trimethylsilanephosphoric  acid.  5  g  trimethylsilanephosphoric  acid  in  10  g  of  water 
was  placed  in  a  separating  funnel  with  ground  stopper.  The  mixture  was  well  stirred  for  10-20  minutes 
manually  and  after  standing,  the  organic  and  aqueous  layers  were  carefully  separated  and  weighed.  The 
aqueous  layer  contained  phosphorus  and  did  not  contain  silicon  .and  the  organic  layer  contained  silicon 
and  did  not  contain  phosphorus. 

The  organic  layer  was  dried  over  Na^SQ^  and  distilled  at  atmospheric  pressure.  Distillation  yielded 
pure  hexamethyldisiloxane,  m.p.  100*  and  n^  1.3742. 

The  literature  data  for  hexamethyldisiloxane  [8]:  b.p.  100*,  n^  1.3748,  n^  1.3722. 

Found  %  Si  34.5.  CeHiaOSi|.  Calculated  fo:  Si  34.6. 

Hydrolysis  of  triediylsilanephosphoric  acid  was  performed  the  same  as  hydrolysis  of  trimethyl¬ 
silanephosphoric  acid. 

Our  product  was  hexaethyldisiloxane,  b.p.  229-232*  and  n^  1.4344. 

Literature  data  for  hexaethyldisiloxane. [8]:  b.p.  231*,  n^  1.4340. 

Found  Si  20.3.  CuHsoOSi}.  Calculated  ’’la.  Si  22.76. 

Analysis  of  the  prepared  compounds  was  as  follows:  a  weighed  portion  of  the  compound  (about  0.2  g) 
was  dissolved  in  concentrated  sulfuric  acid  and  KIO3  was  added  to  the  solution  so  obtained,  the  solution  was 
evaporated  down  until  the  evolution  of  iodine  fumes  stopped,  the  residue  was  then  diluted  with  water,  silicon 
dioxide  was  filtered  off,  calcined  and  weighed.  In  order  to  determine  the  phosphorus,  a  weighed  portion  of 
the  compound  was  dissolved  in  a  mixture  of  concentrated  sulfuric  and  nitric  acids.  The  solution  was  diluted 
with  water,  the  SiO|  precipitate  was  filtered  off  and  the  phosphorus  was  determined  in  the  filtrate  by  2 -fold 
precipitation. 

S  UMMARY 

A  number  of  tria  Iky  Isi  lane  phosphoric  acids  were  synthesized  and  it  was  shown  that  they  are  easily 
hydrolyzed  with  water  to  give  hexaalkyldisiloxanes  and  phosphoric  acid. 

LITERATURE  CITED 

[1]  B.  A.  Arbuzov,  A.  N.  Pudovik,  Bull.  Acad.  Sci.  USSR,  59.  1433  (1948). 

[2]  L.  Malatesta,  Gazz.,  80,  527  (1950);  Chem.  Abs.,  46,  4472.  (1952). 

[3]  K.  Frisch,  H.  Lyons,  J.  Am.  Chem.  Soc.,  75,  4078  (1953). 

[4]  K.  A.  Andrianov  and  M.  V.  Sobolevsky,  High-Molecular  Organosilicon  Compounds  (1948). 

[5]  U.  S.  Patent  2,571,039  (1951). 

[6]  U.  S.  Patent  2,953,643  (1951). 

[7]  K.  A.  Andrianov,  B.  N.  Rutovsky  and  A.  A.  Kazakova,  Author's  Certificate  99821  (1954). 

[8]  H.  W.  Post,  Silicones  and  Other  Organic  Silicon  Compounds,  New  York  (1946). 

Received  October  30,  1955 


286 


ALKOXYDI  ANILIDOPHOSPH  AZOSULFONARYLS 


V.  I,  Shevchenko  and  V.  V.  Bondarev 


The  chlorodianilidophosphazosulfonaryls  (the  chlorides  of  the  dlanilides  of  arylsulfonimido- 
phosphoric  acids),  obtained  in  good  yields  from  trichlorophosphazosulfonaryls  and  aniline  [1],  show 
ready  reaction  with  either  sodium  methylate  or  ethylate  to  give  alkoxydianilidophosphazosulfonaryls, 
in  accord  with  the  scheme: 

AlkONa 

ArSOiN  =  PCl(NHC6H5)2  - ^  ArSOjN  =  PfOAlkXNHCjHs),. 

The  alkoxydianilidophosphazosulfonaryls  are  colorless  crystalline  substances  (tiny  prisms).  They 
are  all  soluble  in  water,  ether  and  petroleum  ether,  quite  readily  soluble  in  boiling  alcohol  and  ace¬ 
tone,  and  more  difficulty  soluble  in  hot  benzene  and  carbon  tetrachloride.  Chemically  the  alkoxy- 
dianilidophosphazosulfonaryls  are  stable  ana  neutral,  and  fail  to  react  with  water  under  prolonged  heat¬ 
ing.  They  are  also  stable  to  dilute  mineral  acids.  When  heated  at  the  boil  for  1  hour  with  0.2  N 
aqueous -alcohol  hydrochloric  acid  solution  the  alkoxydianilidophosphazosulfonaryls  fail  to  be  changed. 
They  are  less  stable  to  alkalies  and  are  quite  easily  saponified  with  0.2  N  aqueous -alcohol  sodium 
hydroxide  solution  to  give  the  sodium  salts  of  the  arylsulfonamidophosphoric  acid  dianilides. 

We  were  unsuccessful  in  our  attempt  to  prepare  the  methoxydianilidophosphazosulfonaryls  from 
the  methoxydichlorophosphazosulfonaryls  [2]  and  aiuline.  Here  we  obtained  oily  viscous  substances  that 
failed  to  crystallize. 

The  previously  unknown  chlorodianilidophosphazosulfon-fl -naphthyl  was  obtained  by  the  method 
described  in  the  literature  [1]. 

The  formulas,  yields,  melting  points  and  alkoxyl  contents  of  the  obtained  alkoxydianilidophos- 
phazosulfonaryls  are  given  in  the  table. 


EXPERIMENTAL 

Preparation  of  methoxy-  and  ethoxydianilidophosphazosulfonaryls.  0.003  mole  of  metallic  sodium 
was  dissolved  in  10  ml  of  anhydrous  methyl  or  ethyl  alcohol.  0.003  mole  of  powdered  chlorodianilido - 
phosphazosulfonaryl  was  then  added  to  the  above  solution.  The  reaction  evolved  a  considerable  amount 
of  heat.  The  chloride  dissolved  and  a  precipitate  of  the  alkoxy  compound  immediately  came  down.  After 
an  hour,  10  ml  of  water  was  added  to  the  reaction  mixture.  The  precipitate  of  alkoxydiamlidophosphazo- 
sulfonaryl  was  sucked  off,  washed  with  water  and  dried.  The  yield  was  85-95‘’7o.  The  product  was  purified 
by  crystallization  from  dilute  alcohol  (prisms). 

Hydrolysis  of  methoxy  -  and  ethoxydianilidophosphazosulfonphenyl  with  alcoholic  caustic  soda  solu¬ 
tion.  12.5  ml  of  aqueous  alcoholic  caustic  soda  solution  (2.5  ml  of  1  N  caustic  soda  solution  +10  ml  of 
alcohol)was  run  into  0.005  mole  of  alkoxydianilidophosphazosulfonphenyl.  The  mixture  was  heated  on  a 
water  bath  for  an  hour  and  the  excess  alcohol  was  then  driven  off  in  vacuum  and  10  ml  of  water  was  ad¬ 
ded  to  the  residue.  The  unhydrolyzed  ether  was  sucked  off,  washed  with  water,  dried  and  weighed.  The 
filtrate  which  contained  the  sodium  salt  of  the  dianilide  of  phenylsulfonamidophosphoric  acid  was  acidified 
with  concentrated  hydrochloric  acid  until  it  gave  an  acid  reaction  with  Congo.  The  dianilide  which  came 
down  was  separated  and  washed  with  a  small  amount  of  HjO.  From  the  methoxydianilidophosphazo- 
sulfonphenyl  we  obtained  0.17  g  (81.5°lo)  of  the  dianilide  of  phenylsulfonamidophosphoric  acid,  from  the 
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TABLE 


Formula 

Yield 

Melting 
point  (*C) 

Empirical 

formula 

Calculated  alk- 
oxyl  content  (%) 

C,H5SO,N=P(OCH,)(NHCeH5), 

83.3 

197-198* 

7.57 

7.73 

o  -CH,CgH4SO,N=P(OCHjKNHCeH5), 

93.9 

136-137 

7.62 

C20H2JO3PSN3 

7.47 

p-CH,C6H4SO,N=P(OCHjKNHCeH5)i 

96.3 

150-151 

7.38 

7.47 

a-C,oH7SO,N=P(OCH3)(NHCgH5), 

90.8 

159-161 

6.66 

6.87 

6-CioH7SOiN=P(OCH3XNHCeH5)j 

95.2 

188-191 

6.84 

6.87 

CgH5S03N=P(0C,H5)(NHCgH5), 

96.3 

178-179 

10.72 

CJ0H22O3PSN3 

10.85 

o -CH3C6H4S03N=P(0C,H5KNHC6H5), 

81.5 

113-114.1 

10.34 

CHH14O3PSN3 

10.49 

p-CH,CsH4SO,N=P(OC,H5XNHCeH5), 

86.1 

148-149 

10.54 

C31H34O3PSN3 

10.49 

a-CioH7SO,N=P(OC,H5X  NHCgHs)* 

95.9 

156-158 

9.88 

CJ4H24O3PSN3 

9.68 

6-CioH7SOiN=P(OC,H5XNHCgH5), 

87.1 

166-167 

9.72 

C24H,403PSN3 

9.68 

ethoxy  compound  we  obtained  0.08  g  (41.3%)  or  the  corresponding  dianilide  and  0.09  g  (43.3%)  of  unhydrolyzed 
product  which  returned.  The  hydrolysis  products  were  identified  by  melting  point  and  titration  data  [1]. 

Preparation  of  Chlorodianilidophosphazosulfon-S -naphthyl.  0.02  niole(6.B5^  3f  trichlorophosphazosul- 
fon -6 -naphthyl  was  dissolved  with  heating  in  50  ml  of  dry  carbon  tetrachloride.  The  solution  was  rapidly  cooled. 
A  solution  of  0,08  mole  (7,45  g)  of  aniline  in  25  ml  of  carbon  tetrachloride  was  added  with  stiying  and  cooling 
to  the  fine  crystals  which  came  down.  The  mixture  was  set  aside  for  a  day.  The  precipitate  which  came  down 
was  separated  off  and  extracted  3  times  with  100  ml  of  boiling  benzene.  Upon  cooling,  crystals  came  down  which 
were  Separated  off  and  recrystallized  from  benzene  (fine  needles).  The  yield  was  3.2  g  (35.4%),  m.p.  124-125*. 
The  product  was  readily  soluble  in  acetone,  alcohol  and  relatively  well  in  hot  benzene,  difficulty  —  in  carbon 
tetrachloride  and  in  ether. 

Found  equiv.  of  acid  after  hydrolysis  1.97.  CjjH^OjPSNsCl,  Calculated  equiv.  of  acid  after  hydrolysis 

2.00. 

Preparation  of  dianilido-6  -naphthylsulfonimidophosphoric  acid.  0.005  mole  chlorodianilidophosphazo- 
sulfone- 6 -naphthyl  (0.26  g)  ground  to  a  fine  powder,  was  mixed  with  2  ml  of  water  and  to  this  suspension  was 
added  0.2  N  caustic  soda  solution  until  an  alkaline  reaction  was  obtained  with  phenolphthalein.  The  solurion 
was  then  acidified  with  hydrochloric  acid  until  it  gave  an  acid  reaction  with  Cdngo,and  the  dianilide  of  6- 
naphthylsulfonamidiphos{^oric  acid  which  came  down  was  separated  off,  washed  and  dried.  The  yield  was 
0,20  g  (81.5%).  After  recrystallization  from  aqueous  alcohol  it  had  m.p.  210-211*. 

Found  equiv.  of  acid  1.008.  .  Calculated  equiv.  of  acid  1.000. 

S  UMM  ARY 

The  methoxy-  and  ethoxydianilidophosphazosulfonaryls  were  obtained  and  their  properties  were  described. 
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2 -NITRO -PERINAPHTH -1 .3 -IND  ANDIONE  AND  SOME 
E.  Yu.  Gu  dr  ini  else,  E.  Ya.  Dreimanis  and 

Some  of  us  [1]  had  recently  described  nitrodimedon  or  4-nitro“l,l-dimethyl-l,3-cyclohexanedione  (I), 
which  reacts  as  an  acid  in  aqueous  solutions  and  readily  forms  salts.  Nitrodimedon,  similar  to  the  systematical¬ 
ly  studied  2-nitro-l,3-indandione  (II),  readily  enters  into  condensation  reactions.  The  obtained  products  can 
also  possess  practical  utility  [2].  In  connection  with  this  it  appeared  of  interest  to  also  study  the  properties  of 
other  cyclic  nitro-6  -diketones.  For  this  purpose  we  prepared  the  previously  unknown  2-nitro-perina]|^th-l,3-ln- 
dandione  (IV).  Perinaphthindandione  (III)  itself  was  prepared  by  the  Errera  method  [3],  which  we  modified 
somewhat  and  made  shorter. 


.OF  ITS  DERIVATIVES 
G.  Ya.  Vanag 


/CHz-COs  XO. 

(CH;,)oC<  >CHN02  CeH4  >CHNO<, 

XH2-CO/  ^CO' 


(1) 


(II) 


/  CO 


<: 


(HI) 


Nitration  of  the  perinaphthindandione  with  concentrated  nitric  acid  in  glacial  acetic  acid  gave  2-nitro- 
perinaphth-l,3-indandione  in  about  65%  yield.  This  yellow  crystalline  substance  melts  at  160*.  Difficultly 
soluble  in  water,  readily  soluble  in  ethyl  alcohol  and  in  glacial  acetic  acid,  and  insoluble  in  ether  and  benzene, 
it  readily  dissolves  in  caustic  alkalies  and  in  ammonia  to  form  salts. 

Nitro -perinaphthindandione,  the  same  as  nitroindandione  and  nitrodimedon,  can  exist  in  several  tautomeric 
forms  (IV,  V  and  VI).  It  still  has  not  been  determined  which  of  these  forms  are  involved  in  the  formation  of 
salts. 

Since  2-nitro-perinaphth-l,3-indandione  itself  is  but  slightly  soluble  in  water  (1 :4000),  its  salts  were 
usually  prepared  from  the  soluble  sodium  salt  by  the  exchange  method.  The  sodium  salt  was  also  used  for  the 
precipitation  of  organic  bases  from  their  aqueous  salt  solutions.  The  salts  of  nitroperinaphthindandione  with 
organic  bases  can  also  be  obtained  directly  from  the  nitro -perinaphthindandione  itself  in  alcohol  solution,  but 
frequently  the  resulting  salts  are  readily  soluble  in  alcohol  and  fail  to  give  a  precipitate.  In  general,  the 
salts  of  nitro -perinaphthindandione  with  organic  bases  proved  to  be  even  less  soluble  in  water  than  the  correspond¬ 
ing  nitro -indandi one  salts. 

Of  the  inorganic  salts  of  nitro -perinaphthindandione  the  divalent  iron  salt,  which  is  also  characteristic 
for  nitro-indandione  [4]  and  for  nitrodimedon  [1],  was  of  especial  interest  to  us.  It  was  found  that  here  also 
the  divalent  iron  salt  of  the  nitro-perinaphthindandione  differs  sharply  from  the  other  salts.  All  of  the  nitro¬ 
perinaphthindandione  salts  are  mainly  yellow,  but  the  divalent  iron  salt  is  almost  black.  It  crystallizes  with 
4  molecules  of  water,  the  same  as  the  corresponding  nitroindandione  salt.  The  approximate  solubility  of  some 
of  the  nitro-perinaphthindandione  salts  can  be  seen  from  the  table. 
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TABLE 

Limiting  Dilution  of  Salt  Solutions  at  Which  a  Precipi 
tate  is  Still  Obtained  With  a  Saturated  Solution  of  the 
Nitro-perinaphthindandione  Sodium  Salt 


Nitro-perinaphthindandioue,  the  same  as  niiro- 
dimedon  and  nitroindandione,  is  easily  brominated 
and  chlorinated,  forming  the  corresponding  bromo- 
and  chloro  derivatives  (VII): 


Salt 

Solution 

dilution 

Solution 

n'ormality 

Pb(NO,), 

1 :  6000 

0.001 

BaCl, 

1 : 48000 

0.0002 

SrCl, 

1 : 62000 

0.0002 

FeS04 

1 :  13000 

0.001 

Aniline  (in  dilute  acetic  acid 
o-Toluidine  (in  dilute  acetic 

1 :  10000 

0,001 

acid) 

m-Toluidine  (in  dilute  acetic 

1 : 2800 

0.003 

acid) 

p-Toluidine  (in  dilute  acetic 

1 : 1900 

0.005 

acid) 

1 : 4700 

0.002 

)>-CO, 

>CXN02  (X  -=  nr.  {  n 
(VII) 


^  )>-CO 

)co 

(VIII) 


< 


\. 

/■ 


CO 


\ 


(IX) 


C(OH)« 


The  halonitro-perinaphthindandiones  are  soluble  in  alcohol  gasoline,  chloroform  and  carbon  tetrachloride, 
and  are  slightly  soluble  in  ether.  When  boiled  with  water  these  compounds  decompose  with  the  cleavage  of 
either  hypochlorous  or  hypobrbmous  acid.  When  heated  in  nitrobenzene,  the  bromonitro-perinaphthindandione 
forms  the  already  known  [5,  6]  perinaphthindantrione  (VIII),  which  easily  gives  the  hydrate  (IX). 


EXPERIMENTAL 

Perinaphthindandione  -1 ,3  (III).  A  mixture  of  30  g  naphthalic  acid  anhydride,  60  g  malonic  ester  and  30  g 
anhydrous  zinc  chloride  was  heated  in  an  oil  bath  to  170-175*.  A  violet  reaction  took  place  and  the  mixture 
colored  yellow.  Upon  cooling,  the  thick  reaction  mass  solidified.  It  was  diluted  with  water,  the  precipitate 
was  filtered  off  and  carefully  washed  with  water  untii  complete  removal  of  the  zinc  chioride.  The  residue 
was  dissolved  in  caustic  soda,  filtered  and  acidified.  The  precipitate  which  came  down  was  perinaphlhindandione - 
1,3.  After  crystallization  from  a  mixture  of  ethyl  alcohol  and  glacial  acetic  acid  (1 : 1),  we  isolated  20  g  of 
completely  pure  product  which  corresponded  to  the  literature  data. 

2 -Nitro-perinaphthindandione -1,3  fIV).  A  mixture  of  8  g  of  perinaphth-l,3-indandione,  80  ml  of  glacial 
acetic  acid  and  20  ml  of  nitric  acid  (d  1.365)  was  heated  on  a  water  bath  untii  the  perinaphthindandione  dis- 
soived.  Upon  rapid  cooUng  with  cold  water,  yellow  crystals  of  2-nitro-perinaph-l,3-indandione  came  down. 

The  crystals  were  separated  off,  washed  with  acetic  acid,  recrystallized  from  ethyl  alcohol.  The  yield  was 
6,4  g  (65*^)  of  yellow  acicular  crystals,  m.p.  i60*. 

Found  <7a:  N  5.86.  C13HTO4N.  Calculated  <7o:  N  5.81. 

Salts  of  2-nitro-perinaphth-l,3-indandione.  Sodium  Salt.  2-Nitroperinaphth-l,3-indandione  was  heated 
with  a  solution  of  caustic  soda  and  filtered.  Upon  cooling,  yellow  crystals  of  the  sodium  salt  of  nitroperinaph- 
thindandione  came  down  from  the  solution. 

Alcoholic  caustic  soda  solution  was  added  to  an  alcoholic  solution  of  2-nitro-perinaphth-l,3-indandione. 

The  solution  congealed  into  a  yellow  mass.  The  precipitate  was  filtered  off,  washed  with  alcohol  and  recrystal-' 
lized  from  water.  It  was  soluble  in  water  to  the  extent  of  1 :  200  parts,  less  —  in  alcohol.  Upon  heating,  the 
salt  decomposed  without  melting. 

Found  ofe  N  5.14.  CuHeO^NNa,  Calculated  <70:  N  5,32. 

Potassium  salt.  It  was  prepared  in  the  same  manner  as  the  sodium  salt.  It  was  in  the  form  of  yellow 
needles.  It  was  soluble  in  water,  difficulty  —  in  alcohol. 

Found  <7o:  N  4.92.  CUH6O4NK.  Calculated  N  5.02. 
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Ammonium  salt.  Concentrated  ammonia  was  poured  over  2-nitro*perinaphthindandione  and  the 
mixture  was  boiled  until  complete  solution  of  the  solid.  Upon  cooling  the  ammonium  salt  of  nitro- 
perinaphthindandione,  containing  3  molecules  of  water,  precipitated  out. 


Found  N  9.02.  C1JHJO4NNH4  •  3H,0.  Calculated  <7o:  N  8.97. 


Upon  drying  at  50-60*  (to  constant  weight)  the  salt  lost  1  molecule  of  water. 
Found  N9.43.  CuHe04NNH4  •  2H,0.  Calculated  <70:  N  9.52. 


Upon  drying  at  110-120"  (to  constant  weight)  the  salt  lost  1  more  molecule  of  water. 


Found  <7o:  N  9.82.  Ci,Hj04NNH4  ’  H,0.  Calculated  <70:  N  10.14. 

The  last  molecule  of  water  could  not  be  removed  since  above  120",  the  compound  decomposed 
with  evolution  of  ammonia 


Lead  salt.  It  was  prepared  by  the  addition  of  lead  nitrate  solution  to  an  aqueous  solution  of  the 
sodium  salt  of  nitro-perinaphthindandione.  It  w^s  in  the  form  of  yellow  platelets,  difficulty  soluble 
in  water. 


Found  <70:  N  3.79;  Pb  29.95.  (CijH604N)2Pb.  Calculated  <7o:  N  4.07; 

Pb  30.13. 

Barium  salt.  It  was  prepared  in  the  same  manner  as  the  lead  salt.  It  was  in  the  form  of  yellow 
platelets. 

Found  <7o:  N  4.35.  (CijH804N)2Ba.  Calculated  <7o:  N  4.54. 

Strontium  salt.  It  was  prepared  in  the  same  manner  as  the  lead  salt.  It  was  in  the  form  oi  light 
yellow  needles. 

Found  <70;  N4.71.  (CijHe04N)2Sr.  Calculated  <70:  N  4.93. 

Ferrous  salt.  It  was  prepared  from  Mohr's  salt  and  nitro-perinaphthindandione  in  aqueous  solution 
in  the  presence  of  acetic  acid.  It  was  in  the  form  of  dark,  almost  black  needles.  It  crystallized  with 
4  molecules  of  water  which  it  lost  at  75*. 

Found  <70:  N  4.63;  HjO  11.89.  (CijH404N)2Fe  •  4H2O.  Calculated  <7o:  N  4.61; 

H,0  11.84. 

Aniline  salt.  An  ethereal  solution  of  aniline  was  added  to  the  alcoholic  solution  of  nitro-perinaph¬ 
thindandione.  Yellow  platelets  of  the  aniline  salt  of  nitro-perinaphthindandione  precipitated  out.  After 
crystallization  from  alcohol,  the  salt  melted  at  179-180*  (with  decomp.). 

The  salt  also  could  be  prepared  by  precipitation  of  an  aqueous  solution  of  the  aniline  salt  by  the 
sodium  salt  of  nitro-perinaphthindandione  or  by  solution  of  aniline  in  acetic  acid  and  precipitation  of  a 
solution  of  the  sodium  salt  of  nitro-perinaphthindandione. 

Found  %  N  8.12.  C19H14O4N2.  Calculated  <7o:  N.  8.38. 

The  toluidine  salts  were  prepared  in  tne  same  manner.  They  were  in  the  form  of  yellow  crystals 
from  alcohol.  The  o-toluidine  salt  melted  at  189-190*  and  the  m-toluidine  salt  —  at  192-193*. 

For  the  ortho-  and  me ta -salts: 

Found  <7):  N  8.10,  7.95.  C2oHie04N,.  Calculated  '7»;  N  8.05. 

2-Bromo-2-nitro-perinaphth-l,3-indandione(Vr,  X  =  Br).  0.5  g  of  the  sodium  salt  of  nitro-perinaph¬ 
thindandione  was  dissolved  in  100  ml  of  water  and  an  excess  of  bromine  water  was  added  to  the  solution. 
The  precipitate  was  filtered  off,  washed  with  water  and  recrystallized  from  alcohol.  It  was  in  the  form 
of  colorless  needles.  Upon  standing  in  the  air,  it  colored  yellow  and  bromine  was  given  off.  At  165",  the 
compound  colored  red  and  melted  at  230-235*.  Evidently,  at  this  point  perinaphthindandione  formed 
which  was  also  formed  upon  boiling  2 -bromo -2 -nitro-perinaphthindandione  in  nitrobenzene. 

Found  <70;  N  4.46.  CuH604NBr.  Calculated  N  4.38. 
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Nai^thindantrione  (VIII)  and  its  hydrate  (IX).  1  ml  of  nitrobenzene  was  poured  over  1  g  of  bromo- 
nitro-perinaphthindandione  and  the  mixture  was  heated  to  the  boiling  point.  The  substance  dissolved  and 
the  liquid  colored  red  and  brown  fumes  were  given  off  (nitrosyl  bromide).  Upon  cooling,  a  red  precipitate 
of  naphthindantrione  came  down  which  was  separated  off  and  washed  with  benzene.  The  yield  was  0.5  g. 
After  crysullization  from  25  ml  of  very  dilute  acetic  acid,  we  isolated  0.25  g  of  yellow  crystals  of 
perinaphthindantrione  hydrate,  corresponding  to  the  compound  described  in  the  literature.  Upon  heating 
to  100*,  the  hydrate  lost  water  and  was  again  converted  to  the  red  naj^thindantrione.  In  concentrated  soda 
solution  it  dissolved  giving  a  blue  coloration  and  with  a -amino  acids  it  gave  a  red  coloration. 


SUMMARY 


1.  A  simplified  method  was  developed  for  the  preparation  of  perinaphthindandione. 

2.  The  nitration  of  perinaphthindandione  gave  2-nitro-perinaphth-l,3-indandione,  the  properties 
of  which  were  studied  and  a  number  of  its  inorganic  and  organic  salts  were  prepared. 


3.  The  treatment  of  the  sodium  salt  of  2-nitro-perinaphth-l,3-indandione.  with  Br  gave  2-bromo“2 

nitroperinaphth-l,3-indandione.  When  heated  in  nitrobenzene  it  is  converted  into  the  perinaphthindan¬ 
trione. 
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CATALYTIC  TRANSFORMATIONS  OF  HETEROCYCLIC  COMPOUNDS 


XLVII.  MECHANISM  OF  THE  CATALYTIC  DEHYDRATION  OF  2,2,5,5-TETRAMETHYLFURANIDINE 

Yu.  K.  Yuryev  and  G.  Y  a.  Kondratyeva 


In  our  previous  studies  on  the  catalytic  transformation  of  furanidine  (tetrahydrofuran)  homologs  into  thiophane 
homologs  it  was  established  that  the  structure  of  the  starting  oxygen-containing  heterocycle  exerts  great  influence 
on  the  course  of  this  reaction  [1], 


Among  furanidine  homologs  the  2,2.5.5-tetraalkylfuranidines  occupy  a  special  place,  and  <^hen  treated 
with  hydrogen  sulfide  in  the  p'esence  of  aluminum  oxide  proved  incapable  of  replacing  the  oxygen  bridge  by 
sulfur  and  gave  only  unsaturated  hydrocarbons;  the  latter,  as  we  postulate,  were  formed  as  the  result  of  both  water 
and  hydrogen  sulfide  being  cleaved  from  the  1,4-mercaptohydroxy  compound,  intermediately  formed  as  the  re¬ 
sult  of  ring  opening  under  the  influence  of  hydrogen  sulfide: 


r^\o'^\r 


-t-  HgS 
AI2O3 


R'^  ^OHHS^^R 


-HaO;-H2S 

AI2O3 


The  main  reaction  product  obtained  from  2,2,5,5-tetramethylfuranidine  under  these  conditions  was  2,5- 
dimethyl-2,4-hexadiene  (diisocrotyl)  (30<5fc  yield),  while  from  2,2,5,5-tetraethylfuranidine  the  main  reaction 
product  was  3,6-diethyl-3,5-octadiene  (27.5*70  yield)  [2]. 

There  is  no  doubt  but  that  the  reaction  proceeds  through  the  above  indicated  intermediate  stage  of  forming 
the  1,4-mercaptohydroxy  compound  and  fails  to  reduce  to  a  simple  cleavage  of  water  from  the  cyclic  oxide  as 
such,  since  both  the  nature  of  the  formed  hydrocarbons  and  their  yield  are  very  greatly  dependent  on  the  presence 
of  hydrogen  sulfide. 

A  comparison  of  the  results,  obtained  when  2,2,5,5-tetramethylfuranidine  was  passed  over  aluminum  oxide 
in  the  presence  of  hydrogen  sulfide  and  in  its  absence,  reveals  that  in  a  hydrogen  sulfide  atmosphere  the  reaction 
is  more  unidirectional  and  leads  to  a  more  homogeneous  end  product  —  mainly  to  the  diene  hydrocarbon  with  a 
conjugated  system  of  double  bonds. 

In  the  absence  of  hydrogen  sulfide  the  dehydration  of  2,2,5,5-tetramethyifuianidine  fails  to  obey  any  simple 
rule,  and  the  reaction  product  is  a  mixture  of  hydrocarbons,  the  composition  of  which  can  be  established  only  by 
using  the  method  of  repeated  distillations  through  an  efficient  fractionation  column  and  the  Raman  spectra 
method  to  study  the  narrow  fractions  isolated  in  the  distillations.  To  this  should  be  added  the  fact  that  the  com¬ 
pounds,  which  appeared  as  the  main  transformation  products  when  the  reaction  was  run  in  a  hydrogen  sulfide 
atmosphere  and  therefore  could  be  easily  isolated,  in  the  absence  of  hydrogen  sulfide  were  obtained  in  small 
amount  and  indirectly  [3]. 

The  dehydration  of  2,2,5,5-tetramethylfuranidine  over  aluminum  oxide  at  350*  in  a  water-vapoi  atmosphere, 
described  by  us  in  this  communication,  in  its  results  proved  to  be  extremely  close  to  the  reaction  proceeding  in 
a  hydrogen  sulfide  atmosphere  [2].  Here  also  the  main  reaction  product  is  2,5-dimethyl-2,4-hexadiene  (di¬ 
isocrotyl),  which  was  obtained  in  50%  yield,  while  the  2,5-dimethyl-l,5-hexadiene  (diisobutenyl)  was  obtained 
in  smaller  amount,  in  an  18*70  yield.  The  high  yield  of  diunsaturated  hydrocarbons  and  especially  of  diisocrotyl 
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shows  that  the  catalytic  dehydration  of  2,2,5,5-tetramethylfuranidine  in  the  presence  of  water  vapors  . 
proceeds  as  uniformly  as  in  a  hydrogen  sulfide  atmosphere  and  is  accomplished  by  the  same  mechanism,  i.e.  with 
the  intermediate  fomiation  of  the  corresponding  diol  with  hydroxyl  groups  in  the  1,4-positions.  As  a  result, 
when  the  dehydration  is  run  in  water  vapors.  the  hydrocarbons  that  are  formed  have  the  structure  of  the 

catalytic  dehydration  products  of  the  corresponding  glycol  —  the  2,5-dimethyl-2,5-hexanediol,  which  should 
arise  in  the  hydrolytic  ring  cleavage  of  the  starting  2,2,5,5-tetramethylfuranidine: 

-2H»0  ^ 

AI2O3 


CH,  CHj 

CHj-C=  CH-CH=  C-CH, 


HsC^I  ICH, 
HjC  ^ 


HOH 

AI2OJ 


H.C 


.CH, 


H,C  HO  ^  CHj 


and 


CH2=  0-CH2-CH2-C=  CHj 


CH, 


CH, 


And  actually,  in  the  catalytic  dehydration  of  2,5-dimethyl-2,5-hexanediol  in  the  presence  of  aluminum 
oxide  at  the  indicated  temperature  we  obtained  diisocrotyl  in  60%  yield;  the  yield  of  the  fraction,  containing 
the  second  reaction  product  —  diisobutenyl,  was  9%.  The  total  yield  of  diunsaturated  hydrocarbons  (69%)  proved 
to  be  the  same  as  in  the  dehydration  of  the  corresponding  oxide  in  water  vapors  (68%),  but  the  ratio  between  the 
conjugated  and  unconjugated  dienes  that  were  formed,  as  was  to  be  expected,  changed  considerably  in  favor  of 
the  first,  as  being  the  compound  with  the  lowest  reserve  of  free  energy. 


As  a  result,  when  conditions  exist  for  the  hydrolysis  or  thionolysis  of  the  2,2,5,5-tetramethylfuranidine 
oxide  ring  in  contact  with  aluminum  oxide,  then  the  seeming  simple  cleavage  of  water  from  the  cyclic  oxide 
actually  occurs  as  a  two-stage  reaction,  proceeding  through  the  stage  of  forming  the  ditertiary  1,4-diol  or, 
correspondingly,  the  1,4-mercaptohydroxy  compound  with  subsequent  cleavage  of  two  molecules  of  water  or, 
correspondingly,  a  molecule  of  water  and  a  molecule  of  hydrogen  sulfide,  which  leads  to  diunsaturated  hydro¬ 
carbons  and,  mainly,  to  the  conjugated  diene. 

If  the  diol  can  be  formed  only  partially  as  the  result  of  the  water  adsorbed  by  the  aluminum  oxide,  or 
evolved  in  the  reaction,  then  the  dehydration  of  the  cyclic  oxide,  proceeding  for  the  most  part  without  the 
indicated  intermediate  stage,  leads  to  a  complex  mixture  of  unsaturated  hydrocarbons  that  lend  themselves  to 
separation  with  difficulty. 

All  of  the  above  is  very  convincing  evidence  that  the  formation  of  the  unsaturated  hydrocarbon  in  the 
catalytic  dehydration  of  either  the  alcohol  or  the  1,4-diol  is  a  one-stage  process,  for  its  realization  not  requiring 
the  intermediate  stage  of  forming  the  (simple)  ether,  or,  correspondingly,  the  five-membered  cyclic  oxide,  as 
is  assumed  by  some  authors  [4].  The  formation  of  either  the  (simple)  ether  or  the  five-membered  cyclic  oxide, 
on  the  one  hand,  and  of  the  unsaturated  hydrocarbon,  on  the  other,  —  appear  as  two  independent  directions  of  the 
catalytic  dehydration  of  the  alcohol  or,  correspondingly,  of  the  1,4-diol  in  the  presence  of  aluminum  oxide, 
which  take  place  under  different  temperature  conditions. 


EXPERIMENTAL 

Catalytic  dehydration  of  2,2,5,5-tetramethylfuranidine  in  steam. 

32  g  2,2,5,5-tetramethylfuranidine  was  passed  over  aluminum  oxide  at  350*  at  a  rate  of  0.5  ml/min. , 
while  at  the  same  time  from  another  dropping  funnel  water  was  introduced  (45  g);  the  reaction  was  performed 
in  a  weak  stream  of  nitrogen.  The  catalyzate  was  collected  in  a  well  cooled  receiver.  The  weight  of  the 
hydrocarbon  catalyzate  was  26.6  g.  After  drying,  the  obtained  mixture  of  hydrocarbons  was  distilled  at  750  mm 
in  a  column  with  an  efficiency  of  45  perfect  plates  and  the  following  fractions  were  separated;  1)  boiling  up  to 
113*.  1.7g;  2)  b.p.  113-114*,  5  g;  3)  boiling  range  115.5-121*,  3.2g;  4)  boiling  range  121-133*,  0.5  g;  5)  b.p. 
133-134*,  13.5  g. 

Fraction  2  was  2,5-dimethylhexadiene-l,5  (diisobutenyl): 

B.  p.  113-114*  (750  mm),  ng  1.4290,  d?  0.7450,  MRp  38.14.  C,Hi4  r2.  Calc.  38.21.  Yield  18%. 
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Literature  data:  [5]-  b.p.  113- 114*  (755  mm),  ng  1.4303,  dj®  0.7505;  [6]-  b.p.  113.1*  (741  mm), 
ng  1.4302,  df  9.7512. 

Fraction  5  was  2,5-dimethylhexadiene-2,4  (diisocrotyl): 

B.p.  133-134*  (750  mm),  ng  1.4780,  dj®  0.7630,  MRp  40.58.  C,Hi4r2.  Calc.  38.21.  EMp  +  2.37. 

Yield  50<7o. 

Literature  data:  [5]-  b.p.  134-134.5*  (747  mm),  ng  1.4760,  df  0.7636;  [7]-  b.p.  134.3*  (750  mm), 
ng  1.4787,  df  0.7622. 

Catalytic  dehydration  of  2 , 5  -  dim  eth  y  Ihe  x  a  ne  dio  1  -  2, 5 . 

24  g  of  2,5-dimethylhexanediol-2,5  (m.p.  89*)  was  passed  over  aluminum  oxide  (heated  to  350*)  in  a 
stream  of  nitrogen.  The  fused  diol  was  introduced  drop-wise  into  the  hot  portion  of  the  tube;  the  catalyzate 
was  collected  in  a  cooled  receiver  and  crystallized  therein.  The  weight  of  the  hydrocarbon  layer  of  the 
catalyzate  was  16  g  (90%).  Upon  distillation  of  the  obtained  mixture  of  hydrocarbons  in  a  column  with  an 
efficiency  of  45  perfect  plates  (at  735  mm),  the  follpwing  fractions  were  separated;  1)  boiling  range  60-114*, 

0.8  g;  2)  boiling  range  114-121*,  1.6  g;  3)  boiling  range  121-132*,  1.1  g;  4)  b.p.  132-133.2*,  10.5  g. 

Fraction  4  was  diisocrotyl: 

B.  p.  132-133.2*  (735  mm),  ng  1.4775,  df  0.7634,  MR^  40.84.  Yield  60%. 

Fraction  2,  distilling  in  range  114-121*  (735  mm),  ng  1.4360,  dj®  0.7462,  contained  a  considerable 
quantity  of  diisobutenyl  but  this  hydrocarbon  was  not  isolated  in  its  pure  state. 

SUMMARY 

1.  The  catalytic  dehydration  of  2,2,5,5-tetramethylfuranidine  in  water  vapors  in  the  presence  of  alumi¬ 
num  oxide  at  350*  proceeds  with  the  predominant  formation  of  diisocrotyl  (50%  yield)  and,  together  with  it, 

of  diisobutenyl  (18%  yield). 

2.  The  catalytic  dehydration  of  the  corresponding  diol  —  2,5-dimethyl-2,5-hexanediol—  in  the  presence 
of  aluminum  oxide  at  350*  leads  to  the  predominant  formation  of  diisocrotyl  (60%  yield)  and,  together  with  it, 
of  diisobutenyl  (9%  yield). 

3.  The  mechanism  for  the  dehydration  of  2,2,5,5-tetramethylfuranidine  in  the  presence  of  either  hydrogen 
sulfide  or  water  vapors  in  contact  with  aluminum  oxide  differs  from  the  mechanism  for  dehydration  in  the 
absence  of  these  reagents  and  includes  the  intermediate  stage  of  forming  the  ditertiary  1,4-mercaptohydroxy 
compound  or,  correspondingly,  the  1,4-diol;  the  latter,  cleaving  hydrogen  sulfide  and  water,  first  give  diene 
hydrocarbons,  mainly  of  the  conjugated  type. 
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REACTION  OF  A  HYDROCHLORIC  ACID  SOLUTION  OF  IODINE  CHLORIDE 
WITH  BARBITURIC  ACID  DERIVATIVES 


III.  THIOBARBITURATES 

L.  I.  Rapaport  and  Ya,  A.  Fialkov 


In  this  communication  we  describe  the  results  of  studying  the  reaction  of  ethyl-(methylbutyl)-thiobarbitur- 
ic  acid  (thiopental)  with  iodine  chloride  in  hydrochloric  acid  medium. 

When  a  hydrochloric  acid  solution  of  iodine  chloride  is  added  to  an  aqueous  alkaline  solution  of  thio¬ 
pental  at  60-70*  there  is  observed  the  liberation  of  iodine  and  the  appearance  of  sulfate  ions  in  the  solution. 

If  this  iodine  is  extracted  with  chloroform  and  titrated  with  Na2S203  solution,  then  it  is  found  that  the  amount 
of  liberated  iodine  is  4  moles  for  1  mole  of  the  thiopental. 

It  can  be  assumed  that  the  oxidation  of  the  sulfide  sulfur  by  the  iodine  chloride  in  hydrochloric  acid 
medium  is  accompanied  by  the  formation  of  HCl  and  H2SO4;  consequently,  the  liquid  titrated  in  the  previous 
experiment  was  titrated  with  O.IN  sodium  hydroxide  solution  (methyl  orange  indicator). 

At  the  same  time  the  amount  of  O.IN  NaOH  solution  required  for  the  titration  of  the  acid  in  an  equal 
volume  of  the  original  hydrochloric  acid  solution  of  ICl  was  determined  in  the  same  way.  Comparison  with 
the  control  experiment  revealed  that  the  increase  in  acidity  of  the  investigated  solution  corresponds  to  the 
formation  of  10  equivalents  of  acid  for  1  mole  of  thiopental,  where,  based  on  the  data  obtained  for  the  quanti¬ 
tative  determination  of  sulfate  ions,  2  equivalents  of  the  acid  belong  to  H2SO4.  If  the  amount  of  sulfur  deter¬ 
mined  in  this  way  is  related  back  to  the  thiopental  weight,  then  the  amount  of  found  sulfur  is  very  close  to  the 
calculated. 

The  results  of  these  studies  gave  basis  to  assume  that  a  hydrochloric  acid  solution  of  iodine  chloride  re¬ 
acts  with  thiopental  by  the  following  equation: 

R.  yCO-NH^  R  ^CO-NH^ 

^  CS  +  8IC1  +  SHjO  =  ,CO  +  H2SO4  +  8HC1  +  4I2 

Rl  CO-NH'  Ri  CO-NH 

Thiopental  Ethaminal 

R=C2H5;  Ri=CHj-CH2-CH2“rH- 

CH, 

The  formation  of  ethyl-(methylbutyl)-barbituric  acid  (ethaminal)  was  confirmed  by  its  isolation  from  the 
chloroform  solution. 

As  a  result,  it  must  be  considered  proved  that  the  reaction  of  thiopental  with  iodine  chloride  in  hydrochlor¬ 
ic  acid  medium  consists  in  the  oxidation  of  sulfide  sulfur,  accompanied  by  the  conversion  of  the  thio  CS  group 
into  the  carbonyl  group  and  the  formation  of  2  equivalents  of  H2SO4,  8  equivalents  of  HCl  and  iodine.  This 
reaction  is  both  rapid  and  quantitative,  which  permits  its  use  for  the  quantitative  determination  of  thiopental. 
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It  can  be  assumed  that  certain  other  organic  compounds,  containing  the  CS-group,  will  also  react  in 
similar  manner  with  a  hydrochloric  acid  solution  of  iodine  chloride.  For  example,  this  is  confirmed  by  the 
experiments  with  thiourea,  the  reaction  of  which  with  iodine  chloride  in  hydrochloric  acid  medium  proceeds 
by  the  equation: 


(NH,)iCS+  8IC1+  5H,0=(NH2),C0+  H2SO4+  8HC1  +  4I2. 

EXPERIMENTAL 

The  thiopental  sample  (0.15  g)  was  dissolved  in  15  ml  of  95^  alcohol,  and  300  ml  of  boiling  water  and 
45  ml  of  a  0.25  N  hydrochloric  acid  solution  of  iodine  chloride  was  added.  After  standing  for  an  hour  the 
liquid  was  boiled.  One  giam  of  KI  was  added  to  completely  destroy  the  iodine  and  the  mixture  was  boiled 
anew  to  give  a  colorless  solution,  after  which  the  amount  of  sulfate  ions  was  determined  gravimetrically  as 
BaS04. 

Found  S  12.92.  CiiHigO^NtS.  Calculated  %>-.  S  13.23. 

The  formation  of  ethyl-(methylbutyl)-barbituric  acid  in  the  reaction  between  thiopental  and  iodine 
chloride  was  shown  as  follows:  after  titration  of  the  iodine  contained  in  it  the  chloroform  extract  was  separated 
from  the  water  phase,  washed  with  water  and  made  anhydrous  with  fused  sodium  sulfate.  After  evaporating  the 
chloroform  the  residue  was  dissolved  in  5  ml  of  0.1  N  NaOH,  the  solution  was  filtered,  and  then  acidified  with 
hydrochloric  acid;  here  a  crystalline  precipitate  was  obtained,  m.p.  125-126*.  According  to  the  literature, 
the  melting  point  of  the  acid  form  of  ethaminal  is  127-130*  [i]. 

The  reaction  of  a  0.1  N  iodine  chloride  solution  with  a  1<^  thiourea  solution  was  studied  under  the  same 
conditions  as  in  the  experiments  with  thiopental.  Here  we  determined  the  amount  of  reacted  iodine  chloride, 
the  total  amount  of  formed  hydrochloric  and  sulfuric  acids,  and  the  amount  of  sulfate  ions. 

Found  S  41.33.  CH4NtS.  Calculated*^:  S  42.13. 

SUMMARY 

1.  The  reaction  of  sulfur- containing  barbiturates  (thiopental)  with  a  hydrochloric  acid  solution 

of  iodine  chloride  proceeds  with  the  oxidation  of  the  sulfur  of  the  CS-* group  into  sulfuric  acid  and  the  simul¬ 
taneous  formation  of  8  equivalents  of  hydrochloric  acid  and  8  equivalents  of  iodine;  here  the  thiopental  is 
converted  into  ethyl-(methylbutyl)-barbituric  acid. 

2.  Thiourea  reacts  with  iodine  chloride  in  a  similar  manner. 
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ACONITE  ALKALOIDS 


VII.  MONOACETYLSONGORINE-A  NEW  ALKALOID  FROM  ACONITUM  SOONGORICUM  STAPH, 
A.  D.  Kuzovkov  and  P.  S.  Massagetov 


Aconitine  and  songorine  were  isolated  earlier  from  jungar  aconite  (Aconitum  soongoricum  Staph.) 
by  S.  Yu.  Yunusov  [1].  We  studied  the  bases  from  the  mother  liquors  after  these  two  alkaloids  had  been 
removed.  After  chromatographing  on  aluminum  oxide  from  chloroform  solution  under  elution  of  the 
column  with  a  chloroform -methanol  mixture  (50: 1)  we  were  able  to  isolate  two  substances:  from  the 
first  eluates  the  base  C23HS1Q4N,  previously  not  found  in  plants,  and  songorine  from  the  subsequent  frac¬ 
tions.  A  comparison  of  the  composition  of  songorine  with  that  of  the  new  alkaloid  led  to  the  postula¬ 
tion  that  the  latter  is  0-monoacetylsongorine.  This  was  confirmed  without  difficulty  when  the  hy¬ 
drolysis  and  acetylation  products  of  the  new  alkaloid  were  studied:  songorine  was  obtained  in  the  first 
instance,  and  diacetylsongorine  in  the  second. 

The  infrared  spectrum  of  monoace tylsongorine  contains  the  absorption  bands  3448  cm'^  (OH -group), 
1754  cm‘t  (ester  carbonyl),  1708  cm  ^  (keto  group  in  a  six-membered  ring  or  one  of  greater  number  [2]) 
and  992  and  907  cm  ^  (CH2=CH~  C-  group  [3]),  The  absorption  band  at  1708  cm'^  retains  its  position 
in  the  spectra  of  both  songorine  and  dihydrosongorine.  The  1754  cm  ^  band  disappears  when  the  acetyl 
group  is  removed  by  saponification. 

The  monoacetylsongorine  perchlorate  is  readily  soluble  in  hot  water  and  difficultly  soluble  in  cold 
water.  After  the  salt  had  been  obtained,  this  made  it  possible  to  use  a  simpler  method,  described  in 
EXPERIMENTAL,  for  isolating  the  monoacetylsongorine  from  the  mixture  of  alkaloids.  The  dry  aconite 
tubers  contain  about  O.6‘7o  aconitine,  0.06%  songorine  and  0.01%  monoacetylsongorine. 

E  XPERIMENTAL 

Isolation  of  alkaloids.  90  kg  of  the  dried  and  pulverized  aconite  tubers  was  steeped  with  10% 
aqueous  ammonia  and  exhaustively  extracted  with  benzene.  From  the  benzene  solution  the  alkaloids 
were  extracted  with  10%  H2SO4.  A  small  amount  of  ether  was  added  to  the  sulfuric  acid  extract  and 
upon  energetic  shaking  and  cooling,  it  was  alkalized  with  aqueous  ammonia.  The  crystalline  pre¬ 
cipitate  was  filtered  off  (400  g,  part  A).  The  bases  from  the  mother  liquor  were  extracted  with  ether. 

We  obtained  450  g  of  an  oily  mixture  of  bases  (part  B), 

400  g  of  the  crystalline  bases  (part  A)  was  dissolved  in  1  liter  of  15%  H2SO4  and  the  solution  was 
cleared  with  carbon.  Upon  addition  of  300  ml  of  30%  sodium  bromide  solution,  the  aconitine  hydro - 
bromide  came  down  which  after  crystallization  from  1.5  liters  of  water  weighed  400  g,  melted  at  170- 
171*  (the  literature  for  the  hydrobromide  containing  3.5  HjO  gives  m.p.  172-173*  [4]).  After  separa¬ 
tion  and  crystallization  of  aconitine  hydrobromides,  the  mother  solutions  were  alkalized  with  am¬ 
monia  upon  which,  120  g  of  crystalline  product  separated  out  (part  C). 

450  g  of  the  oily  mixture  of  bases  (part  B)  was  dissolved  in  the  minimum  amount  of  20%  H2SO4. 
Upon  standing,  songorine  sulfate  came  down,  yield  60  g,  m.p.  216-217*  (from  water).  The  base,  on 
separation  from  the  sulfate,  melted  at  201-203*,  the  hydrobromide  at  273-274*,  the  hydrochloride  at 
260-261*,  and  the  nitrate  at  255-256*;  these  constants  corresponded  to  those  given  in  the  literature  [1]. 


•  Cf.  J.  Gen.  Chem.  25  ,  2345  (1955)  for  the  previous  communications;  (p.  2317,  C.  B.  Translation). 
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120  g  of  crystalline  bases  (part  C)  was  dissolved  in  10‘7o  H1SO4;  the  solution  was  combined  with 
the  mother  solutions  remaining  on  separation  of  songorine  sulfate.  Upon  addition  of  sodium  bromide 
solution,  aconitine  hydrobromide  came  down  which  after  crystallization  from  water  weighed  150  g. 

After  separation  and  crystallization  of  this  hydrobrcmide,  a  solution  of  magnesium  perchlorate  was 
added  to  the  mother  liquors  until  precipitation  was  complete.  The  solution  was  decanted  from  the 
oily  precipitate  which  came  down;  on  boiling  the  latter  with  water  it  crystallized.  50  g  of  aconitine 
perchlorate  was  filtered  off  from  the  hot  solution.  From  the  mother  liquors  (from  the  precipitation 
of  the  perchlorate  and  from  the  treatment  of  the  precipitate  with  boiling  water)  after  addition  of  am¬ 
monium  chloride  and  alkalization  with  aqueous  ammonia,  we  extracted  (with  ether)  200  g  of  oily  bases 
(partD)  which  was  separated  into  10  fractions.  For  this,  a  solution  of  bases  in  5‘i!S)HjS04  was  frac¬ 
tionally  alkalized  with  10  equal  portions  of  NaOH  solution  with  ether  extraction  after  each  addition  of 
alkali.  From  the  least  basic  fractions  (2-4)  we  obtained  16  g  of  impure  perchlorate  monoacetylsongorine, 
which  after  crystallization  from  50^0  methanol,  melted  at  242-243*.  From  the  more  basic  fractions 
(6-10),  upon  solution  in  HCl,  we  isolated  29  g  of  songorine  hydrochloride. 

Monoacetylsongorine.  Monoacetylsongorine  was  isolated  in  the  usual  manner  from  the  perchlorate, 
m.p.  242-243*  and  after  crystallization  from  alcohol  or  acetone,  it  melted  at  176.4-178.5*  (the  base, 
isolated  from  the  recrystallized  hydrochloride  also  melted  at  the  same  temperature). 

44.0  mg  substance  in  10  ml  of  CHsOH,l  1dm,  a -0.89*,  [a]jj  -202.5*. 

Found  C  71.55,  71.77;  H  8.02,  7.96;  N  3.54,  3.34.  C::,jH5i04N-  Calculated 
C  71.67;  H  8.11;  N  3.64. 

Monoacetylsongorine  hydrochloride  was  prepared  from  the  base  in  alcoholic  solution,  m.p.  285-286* 
(from  aqueous  alcohol). 

0.6530  g  of  substance  in  10  ml  of  HjO,  1  dtn,  a -11.22*,  [a]jj  -171.9*. 

Monoacetylsongorine  perchlorate  was  prepared  from  the  hydrochloride  in  aqueous  solution,  m.p, 
272-273*  (from  bO'jfc  methanol). 

Acetylation  of  monoacetylsongorine.  0.6  g  of  monoacetylsongorine  was  boiled  with  an  excess  of 
acetyl  chloride  for  1  hour.  After  crystallization  from  ether,  the  reaction  product  melted  at  180-181* 

(in  vacuum  194-194.5*),  a  test  mixture  with  diace tylsongorine  [1]  melted  at  the  same  temperature.  The 
hydrochloride  of  the  acetylation  product,  obtained  in  aqueous  solutibn,  melted  at  about  180*  and  then 
solidified  and  melted  again  at  243-244*  (with  decomposition).  Diacetylsongorine  hydrochloride  [1]  and 
its  test  mixture  with  the  product  also  melted  at  the  same  temperature. 

SUMMARY 

A  new  alkaloid  was  isolated  from  the  jungar  aconite  (Aconitum  soongoricum  Staph.),  being  the 
previously  unknown  monoacetylsongorine. 
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ALKALOIDS  OF  LEONTICE  EWERSMANNIl  BGE 
III.  •  I.EONTINE,  THE  STRUCTURE  OH  THE  HETEROCYCUC  NUCLEUS 

T.  F.  Platonova  and  A.  D.  Kuzovkov 


Leontine  Cj5l^40N2  was  first  isolated  from  die  plant  Leontice  Ewersmannii  by  A.  P.  Orekhov  and 
R.  I.  Konovalova  [2]  as  the  picrate;  then  it  was  characterized  in  detail  by  S.  Yu.  Yunusov  and  L.  G.  Sorokina 
[3],  who  were  also  responsible  for  its  name.  Later  we  isolated  an  alkaloid  from  Leontice  Ewersmannii,  the 
constants  of  which  all  coincided  with  those  of  leontine,  the  only  exception  to  this  agreement  being  the 
specific  rotation.  Leontine  was  described  by  S,  Yu.  Yunusov  and  L,  G.  Sorokina  as  being  optically  inactive; 
we  obtained  a  levorotatory  base  with  c[a]jj  —  78,2“  (c  =  14.4,  anhydrous  alcohol).  This  alkaloid  was  named 
isoleontine.  After  our  paper  had  been  published  we  proceeded  to  isolate  and  separate  the  alkaloids  from  dif¬ 
ferent  Leontice  Ewersmannii  specimens.  In  all  cases  we  obtained  isoleontine  with  the  earlier  determined 
specific  rotation  value;  leontine  was  not  found.  It  could  be  assumed  that  S.  Yu.  Yunusov  and  L.  G.  Sorokina 
made  an  error  in  determining  the  specific  rotation,  and  that  leontine  and  isoleontine  represent  the  same 
substance.  Leaving  the  name  of  leontine  for  the  alkaloid,  it  must  be  assumed  that  its  specific  rotation  is 
equal  to  the  value  given  above. 

In  our  published  paper  it  was  established  that  leontine  belongs  to  the  matrine  group  of  alkaloids, 
which  ensues  from  a  comparison  of  the  reduction  products  of  leontine  and  matrine. 

It  is  known  that  when  the  carbonyl  group  in  matrine  is  reduced,  eidier  by  distillation  with  zinc 
dust  or  in  the  presence  of  a  catalyse  (CuCtO^)  at  a  pressure  of  120  atm.  [4],  that  a  substance  named 
matridine  is  formed.  (i)-Matridine  was  synthesized  by  Schopf  and  coworkers  [5],  and  was  cleaved  by 
them  into  the  (+)-  and  (“) -isomers,  of  which  the  first  is  identical  with  matridine. 

In  the  catalytic  reduction  of  the  carbonyl  group  in  leontine  with  the  Ft  from  PtOj  in  hydrochloric 
acid  we  obtained  earlier  an  oxygen -free  substance,  namely  iso leontane,  also  formed  in  the  reduction 
of  leontine  with  LiAlH4.  The  ability  of  the  CO-group  to  be  reduced  under  these  conditions  to  the 
methylene  group  indicates  its  lactam  character. 

The  constants  given  in  the  literature  for  (-)  -matridine  lie  close  to  the  constants  of  isoleontane. 

For  purposes  of  direct  comparison  we  had  the  possibility  of  obtaining  (-i-) -matridine, which  was  realized 
by  the  hydrogenation  of  matrine  with  the  Pt  from  PtO^  in  hydrochloric  acid  solution.  The  constants  of 
the  substance  synthesized  in  this  manner  coincide  with  those  of  isoleontane,  with  the  exception  of  the 
specific  rotation  sign  (cf.  t  able).  When  mixed  with  isoleontane  a  racemate  was  formed,  which  melted 
at  the  same  temperature  as  (>) -matridine.  The  infrared  absorption  spectra  of  isoleontane  and  (-i-) -matridine 
coincide  completely.  The  presented  data  demonstrate  the  identity  of  isoleontane  widi  (-) -matridine. 

In  this  way  the  structure  of  a  heterocyclic  nucleus  is  determined  for  leontine.  Although  both  leontine 
and  matrine  have  the  same  composition,  still  they  differ  in  all  of  their  physical  constants,  for  which 
reason  they  cannot  be  anitpodes  and  should  differ  in  the  position  of  the  carbonyl  group.  Four  positions  are 
possible  for  the  lactam  carbonyl  in  the  matridine  nucleus.  One  of  the  formulas  expresses  the  structure  of 
matrine  (I);  the  structure  of  leontine  should  be  expressed  by  one  of  the  other  three  formulas:  (II),  (III)  or 

(IV). 

*  Cf.  [1]  for  Communications  I  and  II. 
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Constants  of  Isoleontane  and  (+)-Matridine 


Alkaloid 

Base 

• 

1  Hydrochloride  | 

1  Methiodide 

Picrate 

Melting  point 

[a]n 

Melting  point 

[a]D_ 

Melting  point 

|[a]n 

Melting  poiwi 

Isoleontane 

77. -7  9’ 

-30.1* 

368* 

-14.7“ 

292“ 

-5.3“ 

256“ 

(+)-Matridine 

76-77.5 

(76-77) 

+29.7 

(-28.2) 

368 

+12.4 

293 

;  +5.4 

' 

258 

•  The  constants  given  in  the  literature  for  (— )-matridine  are  shown'  in  parentheses  [5]L 


Infrared  absorptioiii  spectra  (in  vaseline  oil)i. 
1)  (+)-matridine,  2>  isoleontane^ 
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EXPERIMENTAL 


1.  Reductioi.  of  leontine  /ith  LiAlH^.  Preparation  of  isoleontane.  2  g  leontino  in  500  ml  of  ab¬ 
solute  ether  was  reduced  with  0.8  g  of  LiAlH4  (boiled  for  5  hours),  the  solution  was  evaporated  down  to 
100  ml  and  2-3  ml  of  water  was  carefully  added  to  the  residue.  The  ethereal  layer  was  separated  off. 

The  aqueous  layer  was  extracted  with  ether.  From  the  combined  ethereal  extracts  we  isolated  1.9  g  of 
isoleontane;  m.p.  77-79*  (from  ether). 

2.  Hydrogenation  of  matrine.  Preparation  of  (+)-matridine.  2  g  of  matrine  in  100  ml  of  1  N  HCl 
was  hydrogenated,  using  Pt  obtained  from  1  g  of  PtOj,  at  70-90’  in  the  course  of  24  hours.  About  260  ml 
of  H2  was  absorbed.  After  separation  of  the  catalyst,  the  solution  was  evaporated  down  in  vacuum  to  low 
bulk,  alkalized  with  NaOH  and  extracted  with  ether.  We  isolated  1.2  g  of  the  crude  base.  After 
vacuum -distillation  (boiling  range  155-160’  at  10  mm),  the  compound  crystallized  (0.9  g).  The  hydro¬ 
chloride  was  prepared  by  mixing  together  the  alcoholic  solutions  of  the  base  and  hydrogen  chloride;  it 
melted  at  368’  (from  alcohol),  [a]p  +12.4’  (c  =  4.9,  alcohol).  Upon  isolation  of  the  base  from  the  hydro 
chloride,  it  melted  at  76-77.5’  (from  ether. ,  [a]p  =  29.7’  (c  =  4.1,  anhydrous  alcohol). 

Found  %:  C  76.99,  76.93;  H  10.98,  11.05;  N  11.56,  11.60.  CijHjjN,.  Calculated 
C  76.85;  H  11.19;  N  11.95. 

Methyl  iodide  was  added  to  a  solution  of  the  base  in  acetone.  Upon  standing,  the  methiodide 
came  down;  decomposed  at  293"  (from  70<7o  alcohol),  [a]p  +5.4’  (c  =  4.1,  water). 

The  picrate  was  prepared  by  mixing  alcoholic  solutions  of  the  base  and  picric  acid.  It  melted  at 
258’  (from  a  acetone -alcohol  mixture). 

3.  Preparation  of  the  racemate.  A  mixture  of  0.1200  g  of  (+)-matridine  and  0.1200  g  of  isoleontane 
was  recrystallized  from  ether;  we  isolated  the  racemate,  m.p.  55-56?  [In  the  literature  it  is  described  as 
(+^-matridine,  m.p.  55’]  [5].  When  it  was  mixed  with  isoleontane  and  (+)-matridine,  a  melting  point 
depression  was  observed.  From  the  racemic  base  we  prepared  the  hydrochloride,  m.p.  340*  (from  alcohol), 
[alp  0’  +  0.01’  (c  =  11.1,  water). 


SUMMARY 

1.  It  was  established  that  the  (-)-matridine  nucleus  lies  at  the  base  of  leontine. 

2.  Leontine  belongs  to  the  matrine  group  of  alkaloids. 

3.  Leontine  differs  from  matrine  in  the  position  of  the  lactam  carbonyl  and  in  the  configuration 
of  the  asymmetric  centers.  Three  possible  formulas  for  leontine  were  proposed. 
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